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(57) Abstract 



The inventoni have discovered a targebng signal that will direct proteins to the endosomal/lysosonial compartment, and they have 
demonstrated that chimeric proteins containing a luminal andgccic domain and a cytoplasmic cndosotnal/lysosomal targeting signal will 
effectively target antigens to ±at cocnparimcnt, where the antigenic domain is processed and peptides from it arc presented on the cell 
surface in associauoo with nnajor histocompatibility (MHC) class U molecules. Chimeric DNA encoding the antigen of intcrst, linked 
to an cndosomal/lysosomal targeting sequence, inserted in an immunization vector, can introduce the chimeric genes into cells, where 
the recombinant antigens arc expressed and targeted lo the cndosomal/lysosomal comparoncnL As a result, the antigens associate more 
efficiently with MHC class II molecules, providing enhanced in vivo stimulation of CD4* T cells specific for the the recombinant antigen. 
Delivering antigens to an cndosomal/lysosomal compartment by means of chimenc constructs containing such lysosomal targeting signals 
will be of value in any vaccination or unmunizanon strategy lha: seeks to stnnulate CIM* MHC class II rcstrictco immune rcsjwnses. 
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LYSOSOMAL T/>RGEiiN& OF ^liVrUNO&ENS 

The v;o-k leading to this invention \ zs suppcted ir. ijart by {j-:zn: .^ o. 
NOIHD 6295 i from the National Institutes of H^i^.n. The United State- 
Govemrne^: my retain certain rights in this iri'^er/ion. 

RACKGROIINT OF THE INV ENTION 
Field of the Invention 

This invention relates generally to the inirodacuon into proteins of amine 
s-gnents hav-pg z biological targrj: g fu action w'r.cn directs the proteins to 
cellular vesicles where ;.hey are processed into pepuce -esidues recognized by the 
major histocompatibility comple:; class II proteins and to the use of this procedun^ 
to enhance the immune response of hiammais to these targeted proteins a^ 
antigens. • ' ' 

Review of Related Art " 

A.. Antigen processing and ^presentation to T cells 

' The generally ^e^d ^heory for the mechanism of antigen recognition and 
response in' the mammaliar. immune system is that there are two piarallel ceUuia; 
sysiems of T cells aiid antigen presenimg molecules which distinguish. between two 
types of ar.:igen:>, fo'e*»g - inugers introduced from outside of the cell ^such ^'S 
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foreign chemicals, Dacteria, aiid loxins) cxid endogenous antigens produced within 
me ceil (sucli as viruses or oncogene pyoducis). It 15 i:o\v clear that the cell type 
which diSLingtjfshes De(u'eeri ajiugen -Lvpes in, the ce'iuiar immune response is the 
T cell. Via its he:erodimenc T cell receptor, tlie. T cell recognizes peptide 
fragments of these antigens presented as a complex v/ilh msijcr liistocompatibility 
(MHC) molecules tYevvdell aiid Benne:ik, Cell. 62:203, 1990; Davis and 
Biorkman. Nature , 334:395. 1988). , ■ ' 

Tiiere are two general classes of MH,C Pijiolecules, MHC class \ and MHC 
class II proieins. These MHC mo'ecules bind to antigens and present them to one 
of liie L-.vo types 0; the T cell cla^r^ of white blood cells, cytotoxic T cells (TJ or 
iielper T cells (TJ. MHC class I molecules present peptide antigens genersJly 
Je.'ived frcmi endogenously produced proteins to the CDS^Tc cells, :he 
predom:r;ani c>totoxic T cell that a:, antigen specific, MHC class 11 molecules 
generally' present antigens ^hat are intTodtcecl frrom without the cells, utilizing a 
distinct pathway for ajaiigea presentation theu- urvolves generation of peptide 
fragmeii.s'ir. endosc;ma]/lyscsama] qr^ganelles. MHC class 11 molecijiles are also 
found in ihese acidic organelles, co-localized with the invariant chain, a membrane 
glycopratein that bit\ds MHC class II proteins in. the endoplasmic reticulum and is 
replaced by Ihe antJg'".n:c peptides. After binding of the antigen to the class II 
molecules, ihe antigen/MHC 11 complex is brought lo the cell surface for antigen 
prescntaiion to CD4'' cells. 

The functions of the two types of T cells are jignif-cantly different, as 
•m.piiecl by their na^^es. Cytcioxic T celb act to eradicate jniracellular pathogens 
'a^nd tumors by di-ect lys's of cells and by secreimg cytokmes such a 7-mterferon. 
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Helper T cells can also lyce cells, but their primaiy function is to secrete cytokines 
that promote 'hr aciiviiies of B cells and other T cells and thus they broadly 
eni- -.-^c: Ihz i'^rr.une response to foreign antigens, including antibody-mediated and 
TVmediated respcr:se mschanisms 

CD-' T ceil<; are the major helper T cell phenotype in the immune 
response. Their predominant function 'S '.o pcneraf: cytokines which regulate 
essentially all other fur.c'ions of the in^ni:ine re-,j;onse. Animals depleted of CD4^ 
6r humane depleted o: CD4^ cells (as in patients will AIDS) fail to generate 
antibody responses, cy.otox/: T cell rtspcns^s, or delayed type hypersensitivity 
responses. These results suggest that hdper T cells ar^ crjtical. in regulating 

immune responses. 

CD4-*MHC ciass II restricted cells have also been showr to have cytotoxic 
capacity In a numbe- of systems. Ont of the most importa.-.* disease-relevant cases 
In wnich CD4* cyto;oxic T ceils have beer. dsmon.strated is in the response to 
fragments of the HIV gpl20 proiei;, CPolydcf.GS, at al.. lJEx2._M_ed_„ 171:875, 
1990). CD4"MHC class .1 lesLricted ce'.:s nave also been shown, to be criticaj in 
generating systemic immune responses against tuir.ors. In an adoptive transfer 
model. CD4^ cells arc critical in eliminating FBI. tumors ir. mice. In the active 
immunottierapy model of Golumbek, ec al. (1991 , Sck^, 254:713), CDV cells 
have also been shown to- be critical in tne systemic immune re.sponse against a 
number cf different solid malignancies. 

rc: a'.l Uiese reasons there has been increased interest in developing 
st.a.fcgico that -will most effectively activate MHC clas:, II restric'ed CD4* cells 
agamst a given spcc.fic antigen. • Funhermore, CI>4"MHC class II .cstricted ceils 
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2^p^z.T :o oe the chricr-1, .nernory ce.'is in the T cei! arm of the immune response. 
Ti-ereiors, a,-, appiopri -te va-c;nation sirategy isto generate CD4" antigen-specific 
-MKC class i:-restncted r.iernory T celi populations. 

:.i keeping with i.he different Jiinctions of 'he cytolytic T cells and helper 
T ceils, the ciss^c disiribution of the MHC moiecules thai present antigens to these 
cells is markedly different. The MHC I protein complex that recognizes self or 
viral antigens is found ira vmuaily all cell types, whereas the HBQ ,11 protein that 
reacts w.th foreign antigens is found largely in immune cells such as macrophages 
a:.d .T.acrophage-like cells that either sea-ete .cytoiynes nscessajA' for T, cell 
siioiuhti-Dn of B ;ce!ls„ or.: that , require ;ii4e T,.. c,e|Uy,ipkines for .the:; own 
• ••s.timuiatioR; rCells. exhibiting MHC. II prptein arp. generally called antigen. 
' presenting ttelis. . ■ ■ -, , 

■ The processing ana .presentation of. self or fo^e^gn artigens,^^^ 
: -or, MHC li complex, .respecnveiy,, generally. occurs in dififeresit patl:ways (Bevar., 
■ i . !Natu£e, 3_25:192, 1987; Biaciaie, et al.. Immun ol.. Rev 28:95, 19^7; Gerrr.a:.-. 
Nature ., 322:.6??7, 1f).R<S)- 

■r'. ,<1). The MHC,c^^s I-re^te(^ j).roteolyti:9. sysle/n] ^_ .r>.-?s^ra,in virtually 
all cells for the purpose, of, degrading hig|)ljf,abnc^-^ai prpteins z^o short-lived 
'^'O'ccci'es or. Viral proteins. .This proteoiy^ys is jhoughi;.o t)e n ^^td 
to .invcive .ATP-dependent xovalent. conjugation , , to, the poiypepnde ubiquitin 
•Goldberg. et,,ai., .Nature. 117-375,,. •^92)., Peptide fr^ments.. ;?cssialy in 
association w^th a larger prc'easome.comp/e^, ar^.lhen.postulateri.^o^eqter into the 
end'Dplas.-rc r't^.^culu.m c^D^rrn^ pttertype o.f^xocytic comp^nmcint. (other than the 
endocytic/lysosomaJ compmrr.mh ,iThere they .bind to MHC ciasM molecules 
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and follosv the con^utativc sc?r-.^ry pat.v.vr.y f-on th- e:ic:vp".£:r-/c reticului- 
t'liough 'he Golg: :o :i;e eel! surfaci where ' ey r.re :)">er.;c.: ry the MHC 1 
protein lo the CD3-Zr.2 :yto:o;a- T ceU antigen rccepto". 

(2) The M.-JC Oav- ; -re'.ated process by v/hich fcreig- a^fgsns are 
processed ip an'.ige- pre:£r,t;ne ceii^ (A^^C.) cells is generally believed tc occur in 
at! sndocyt-c pacrnvay. A- -igeni tsxen into the cell ty fluid-phase pinocytosis, 
:.bv:;^-\ive e: doc- ,cs;s, cv pliagocytos-s ente; inro a late endosoirLal/Iysosomai 
cc-io^^t- "'■'^-'■^ i^'6e '.r.olecu!3r arc convf;rt-x' to oer.tides by digestion through 
proteases a:.d ether hydrolase-. lirnng this process, the ir-~ modominant smaller 
per-.ides cor - in contact v =-.h a-.: r e bojnd by MHC class " -vo^ecules and the 
peptides are car-cc to .-e "e/. suiioce. C ■ the celi iur'^acc c: AFC, these short 
peptides in co"junc':.on with N:HC class IT mohcules bind .h-. CD3-CD4 corr.plex 
o:. the sjiiace of 'u'cc" cells, activating ::;c rei licaiic!> ;irid immune function of 
these cel.;.. Foilo-vr.. -,his-nle:ac^.ci:, i'dp-r T cells re:e?.se lymphck^res tha' 
sr.T:ulate :he OTO'l e-L—jr, .no Ji'-fc-e.-.-.:i.:-on o' leukocytes n-d irh'bi' tbci- 
c-'^raaop from the si.e of in ec'ion. I- -^ner^i, .,^e acl vaicn cv helper T cell- 
C v p-p. de-' j^de^ ? '-C is rc:-> re^ I'cr cr>i T;ai B cei". vm T cell act'on, an:' thus 
is i.iectssa''y ."ci '^rop-r •'-.■. -^.r-.c syscc^ icl.on. 

e- cogc'.OLS oe'i.s T.r.y cJ-o enter ihz V>\iC ziass ,'yslem for 
a.v.-en .oreseniat.c-. ,;'a;-r... e: a.., iismre. ^-'-01, 1992, Po'ydcfkis, et al.. 
.9^.0;. i- : posiaiate^ ^'-'s crvcge'-ous'.y-producex: Temlraie ar'igen, which 
■er.iiVMS aiuc'iio i > I'lc ia.-.r :.a.'extracer.u'.a: n-emuran- oy a hyd-opbobic anchor 
£-quer.ce. can recycle l-o 'he c.-H-'c^'.r : ' 'i- JJ-^nu'.'. -;o '.par---n; by first reaching 
il-.c surface of &z ceii via buik f cv.- .^clii-rcd by e.';ciocy-c r-A-akc i-..,-! SMbsequent 
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F-ocessij- by the nor.-:.: class II pa.!r../2y for processing of exogenous antigens. 
■ ^'^^ f^it^lecule: may also presen: some antigenic determinants derived 

.-LTOin cndo-c:.o..is prote:,- :hat are stcMests^ed in the endoplasmic reticulum or 
'■. otner compaitr.-.snts aiic are the-, proces-^ec -n salvage pathways to the lysosome 
(Brooks, et nl , Proc. Nat'l. Acad. Sci II.SA 88;:;290, 1991). 

Oiner possible processing pathways for presentation of endogenously 
denvcd or cyiosolic proteins tq MHC clasf. Il-restricteci T cells h,ave also been 
described in some but not all expenipentai systems. These appear to be less 
efncicni thai 'he class I-asspciatpd process, f^nd are not we.I understood (Moreno, 
, e: :l ..Linm]iLnj2L.. ifi2:3396. '.9^4 j Jaraquemada, et al., J. Exp Med .. 172:947, 
1990). , Aliemative types of antigen presenting cells with different pathways for 
protein processing have been suggested, as well as the possibility of different 
proteases. The antigcn-p?csenting capacity of cells b^ri.i- MHC class H shows 
•• ^'^"stipn .according to eel) type , arid ,is likely to be related to the proteolytic 
.. . f,mj^chinefy .and . intracellular routes followed by antigen and MHC class II 
moiccujes (Petej-s, et al., Nature . 249:669, i99i). 

The exact site of antigen p.^oces-lng .and association cf processed peptides 
A'ith MHC class II in the er.dcsom.aJ/lysoscmai pathway is as yet unclear. Data 
■ '■'2ve, b?en presented suggesting that .VIHC class II molecules meet vlin 
-ndoryi^sed proi-l- in rh.- ^ariy e.adosoma: compartment (Guagliardi, et al., 
N^jre. 243:^3. ;99C\ Pa-:.!!v processed aniigens and easily degradable 
Eptigens n:ay yield Qcptiaes :.^at can co.^.bine with MHC ciass II in the early 
c^coson^ai ;ornp:rtment. Howevc^r, evidence is mounting .nat the major site of 
antigen processing and association v/i, MHC ciass li occurs either in the iate 
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endosome. thcr lysosome. c ? c:):Mpiirtment related to Jie lysosone 

(Neefjes, et al., Cd], ■ i^^)- I^eccnt .;;,i<dies describe; a cisMXt vesicul^T 

cor.^partment wiU: .y^z^L ')^^ p. :-:;.rtic3 ^riC c '^ac:erizec: "^y hlg^i con'-.cn^xation cf 
lysosomal-assccia-ccl luC-.^r^-^c p.OLt:.-. vLA\iF-l) an: M::C ckis 11 n^clecule? 
(Peters, a al., 19Siy. 

Tiie availaoiC uaia suggest :\t loWowuig sequeriOc of events .r. the 
ir.raceMuiai iiaji^port of MHC class i:. mobcaies: MKC ckss II n^oltcules with 
the invanaDi :hain aie a?semb in ihe enoopmSiTwc reticcUL.in trauspo^:ed 
througn t.ie Gclgi in ccmTOr. witn otnci membrane prct::r.^ inz^uL.r.g MHC class 
1. The mo! ;cu!e3 are t;:en targeted lO ^pec'fic Ci1dGSG;nax/.>£c:-c^ia. ; -3 -elles by 
an unlonov/n mec^^anism, segregating fiom the MHC class I Tioiccu.es which 
follow a :ori5titULive route ;o tne cell surface. In the ^:V-ocytotic/lysoi.on route, 
the invana.. cnai^ is removed froir MHC jlass 11 by proteases acting in an acidic 
environment. At the sarre t'r,e. ^: ugenic fragnients of proteins thai 'lave er^terec 
the endocytic/lysosor^al pathway <L*e generated by these prote^^ses aiva d.e resuitm.g 
peptides bmd io the ass Ia mole. Jes and are carriL^ lo tne cell su/face. 

B, Lysosomr./e dosomal cOinpartment 

As described he*^.::., ihe .ysGSCrr.ai/endosonial companrnen.i )j coT.pr.sed 
of membrane-bound acidic v.icv.c'-.s conanv.ng l^AMP iuolecules in tne .ricr.brare, 
hydrolytic enzymes that function » z: age/ . \>ce:s ng, -u-u MHC Ciass 
molecules for antigen recog- itic^ a' ' ."^esc ^t'cn. T''i3 conjar, .ent ""'jnctiops 
as a site for degradation o\ foreig-^ mr Lcnaii- ■•-c-m?;'z:o tre ctV oi-face by 
any of a variety of mecn^.r:mi i-'j vriir.g e^-^oc; lsis, ;>'-<.g^C}tcsis and 
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p;noc\;os;3, arid of mtraceliuiar -aterial delivered tc tiiis compartment by 
speciaiized ^..toiviic phenomena {dz Duve, Eur. J. BiGchem. . 137:391, 1983). 

Tne c.^synthesr^ and vacuoU-.r iargci:ng meclianisn^s of the liydrolytic 
cn::>mes present in the lysosomai/enuOiyOirj^J coiTiparinent have been extensively 
siudiec (Komfeld Mellman, Ann. Rev. Cell Rio!. , 5:483, 1989). Nevviy 
syn:nes]zec Hydrolases in the Golg! apparatus acquire mannose :6-phosphate groups 
tha: serve as jpecific recognition markers for the binding of these enzymes to 
mannoie 6-phosphate receptors which are then targeted in soijne unknown manner 
10 a preiysosonal vacuole. There the receptor-enzym^e complex is dissociated by 
!ov\ pH, .ai d t.ie r-ceptor.s recycle U) the Golgi apparatus, while the enzym.e- 
co'Uaining vacucle n-aijures imo a lysospme. 
■ ' . ^ S:uclies of the staictuxe and. function of the^ iy^osomal membrane were 
ir.iL'iatr?*: ir. 19S1 by Augu^st, and. colleagues, with ,the 4i^r:overy of major ceilular 
glycoproteir.s .that, were ^.subsequentiy , ;:erm^,d lysospmal-sssociated membrane 
proteins one apd nvo (LA MP- 1 and LAMP-2) due to their predomi^^ant ^ocaiization 
in the lysosomal membrane (Hu^h^.s. ct al.. J. Biol. Chem.. 256:6^,. 198!; Chen, 
et aL, J. Cc! i_J3ioL, iQl_:85, .1985). ^ Analpgous proteins were subsequently 
idenuned.in jai.. chicken, ^nd human cejjs (Baijiocanal, et al., J. B ioL Chem. . 
21^:16755. 1,986; Lewis, et aL, J. Cell B iol .. 100: 1839. 1985; Fambourgh. et al. ^ 
J^X^LBjol:,. 106:61, 1988;,^ Mane, et a]., A r9h. Biochem . Bigphj,:^^ 258:360 
19S9). Typically, LAMP,-1 , as,deduced from a cDNA eigne (Chen, et al.. J. Bioi. 
QienL. 2j^:8754. 1 988), consists of a polypeptide core of about 3.82 amino acids 
(Mr- 42,000) v-ih, a large (346-r£jsiduc) intraluminal .amino-te-minal domain 
followed by a 24-residue hydrophobic transmembrane region and short (i2-- residue) 
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carboxy; it^r-ninal cytoplasmic tail- ^^^,e :ntTr.lum^nai don^ain is highly 
glycosy a»ed, j^.rt- substitutcv' vvith about ?.0 aspara7^"e-]:n!:ed c:^mplex-type 
oiigosaccharcles and aons^sts of two — ' 160-"esic'::e '^c.^ology ^nus that are 
separated bv a proUne-^sennp-nch region. E^ch of these ^c^.ologo'is doTi^iPS 
ccntdns 4 uniformiy spaced cysteine residues, disulfide bonded to forn-. four 36- 
38-rtsid:-:e loops svrnmetncally placed within the two halves of the ^.ntralumlnal 
domain (.\rterbum, et ai., J. 3iov Chem. . 265:7419, 1990, see especially Figure 
6). Tne LAMP-2 molecule is highly siirilar t: LAMP- 1 in overall amino acid 
sequence (Cha, c: ai., J. Biol. Chem. . 2^:5008, 1990), ^ 

Another glycoprotein; described ^,s CD63. ME491 or LIMP 1, is also found 
ir 'ysosoma: membranes, as v.'e-l as othe*- in vacuolar structures (Azorzc , et ah, 
Blooo , 78:230. '99i). This molecule is d'siinctly different from the LaMPs, with 
a core poly^^ecride of about 25 OCG iJDaa-l four transmembrane domains, but ii 
hhs a cytoplasmic structure ard sequence Similar the LAMP n-iolecults. There 
also tr icnsivc amino acid sequence similarity' bet^veen thi^s protein and a family of 
other n:oiecules tnat also contain fcHT membrane ::panning domains, including the 
Schisiosoma ma^isoru membrane protein SM23, CD37, the tumor-associated 
antigen CO-029, and *.he *^.-jct of an anliprowfera-ive a-ti.^ody-1 

Lysosomal acid pho::.OMtasc (LAP) ;s a nydroiytic enzyme that is also 
mitiaily present m the lyscsoma! membrane, where H is sjbjec; to lim;ited 
proteolysis ir.aT ge^-ej-atcs th^ soluble mati.re f.pzym.c (F^eters, et al., gMBO j\, 
9:3497, i990). The protein has little s'eqi;encc homology to the other described 
:yiesoma; membrane cc:rDC'^eni", but il dees conta: : a t^jgeting sequence in the 
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1988) 

LIMP U, is an .'ddditionai glycoprutein present in the membrane of 
lysosomes arid SvXretory granules with, iysosonial properties (Vega, et aU, J. Biol. 
' - Chem. , 266 : 16813. 1991): A sequence near the amino-termiius with properties 
of aii Lir^cleavablc signal peptide, z hydrophobic amino acid segmert near the 
' carboxy! end suggest ttiat ihe;nroteia is anchqrpd :n cell membranes at :wo sites 
by two short cytoplasmic tails at the amino and carbcxyl- terminal ends of the 
f< . - p'otein 'The n^iplecule doe^ ,not have sequei)ge homology to any of the other 
i , dicscribedi l-ysosornal imembraue nroie.n, bu'. is higjaly similar to the cell surface 
, -:,i-prQtein CD36. which. .is involyerl ip .9;^;] adhesion.. 

; C- . .Other protein^ found in the endo>pma!/lysosonial compartment 

. . / A nqniber of other proteins have biological furiCtions that also involve 
/ifpf ficking or targeting to or through vacuoles thai may fu ,ic:ionally involve the 
. , . . iysosomayeadosom^] compartmeot. Exarnpies of thf* most exterisiveiy 
characterized of these proteins at this time are as follows: 
r 1. Cell surface receptors: 

Many cell surface receptors are known whose function is to bind and carry 
ligands !n:o the ceil. Examples mclude receptors for the low density lipoprotein 
(LDL, Chen^j Ci al.^ .J . B i ol. Chem. .. 265;3i 16, 1990;, insulin (Rajagcpalam, et 
S'-, J. B'o i. , Ch em.. . 266:230.68, 1991), epidermal growth factor (Helin and 
Beguinot, J. B;.9l. Chem. , 2^:8363, 1991), polym.enc im:munoglobulin (?oly-Ig, 
- Brcitficid, et al. , J, Biol., C hcm^, 2^:13750, 1990.^ transfemng (Collawn, et al., 
Z^li- 63::051, 1990), cation-dependent and independent mannose 6-phosphaie 
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receptors (MPa, Johnsc-.;, et .... Pro.. Na:M. /.c^.j. Sci. USA , 87:10010. 1990; 
Canfield, et a!., J. CeM BioL , 266:5682, 19?0; Jadot, et al., J. Biol. Chcm., 
267:11069, 1992), ^^g CDj :L-cOur"eMr a ::' Kla^rsLCt:, CelJ, 69:1143, 1992). 
Trafficking cf iheso receptors :s coniirioniy irto arj endosonral, zni sor:etimes the 
■ysoscTiai compartment, a v/ell k::ov/n me^Kmism includes th2 fnrctiona! 
aisi;ociation of u.e receptor-l'sard crinpl^^x in th5 ?c^d:c ervironneri the 
encoscn.a./ lysosomal vacuole, rdeasing ihe Hgcjid tiie cell with the subsequent 
recycling ot *r.e .ecepior to iut plasma membrane. 

2. Marinose 6-phosphate receptor ^nd iysoscmal hydrciases: 

A nighly cl o^acteriied n^fedhaHisrn for celive;i:ig ^yd^dyti:: -nzynes to 
lysosomes :s tne mannose 6-pho^p';':at; r^eotor whicli .'Specifically recognize? the 
mannose 6-phG:pjave residues 3eiectivel> added to these enzymes in their 
biosyntne<r. patnway (I'o- review sec Koin:''eld and Meliri^r , 19a9). Tnis r'.:ceptor 
targets tne nydroly^^ases to a comrnit^eo prelysosomai coiTpa-irae./ wher^^ ^be 
membrane-DOuna reccpior dissociates from the soluble hydrolase, aiic the recector 
recycles to '.he Go.gi or to the plasma mernbi-aiie while tlie hydrolase -c?ntaining 
vacuole matures ipto or fuses with the lysosoinai vesicle marked by the presence 
of tne LAMP molecules. 

J. MUC Class 1? moiecule: 

The MHC class II molecule is also colocalized vvirh tiie LAivII' proteins in 
the endosomai/lysosomal compar.mcn':. whcie it bind: :c peptide fragments 
proouccd trom molecules processed m thii corr.partmev. by proteolytic enzymes. 
There is evidence mat the targeting signal for localization icsides in the 
cytoplasmic tail of '.02 mvanan* cnain assoc:.^^,cd •vuti the MHC cla:.s II molecule. 
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4. Other lysoscm£L,v'ndosoma! membrane proteins: 

in add:t:or^] to the pro.teixn^ cieschbed above as components of the 
e.icosomal/lyscsoiTfal r;r-br?'ie, ther- evicjQnce for Uie presence of a number 
cf OL^ic: lysosomal/endosomai nieinbj;un2'p.ix^tcii.^s to ser\'e a variety of functions 
as5:ociated with the structure or function of th& vesicie, such as transport 
moiecuies, receptors or specific adhesion, association or signal moleciiies. 

D. Lysosomal/endrsonial targeting signals, 

The iocali/j^tion of, the lysc^omaLmernbrane glycoproteins is controliec by 
a *arge::ng mecnanisn^. independent of L^ic :vell defined mannose 6-phosphate 
recep^o: (MPI^;^ patnway fo:- ,^yd:-cly:ic lysoscma; enzymss (Komfeld and 
MeUmar, 1989). Kinetic a^^aU'si? c r" '^t;-?.ceU:;^nr transport and targeting of ne>Viy 
synthesized LAMP-1 and other sin^ilar proteins indicate that /.he molecule is 
synthes'zed in the endoplasmic -etic^lun:, processed in the^ Gplgi cistemae and 
transix?aed to !ysosomes within^.c)ne h^ur of mz biosynthesis without detectable 
:iccumulanon in the plasma membrane (Ba-^ccanai, et ai., 1986; D'Sousa, et al., 
Ar cn. Biocnem. Biophys. . 249:522, 1986; Green, et al., J. Cell Biol. . 105:1227. 
^^87). , , , , 

Tne elev-n amino-ac:d sequence of the. cytoplasmic tail qf LAMP-l and 
other sim.i.ar iyscsoma.: membrane glycoproteins has the following sequence: 
Arg^'^-Lys--Arg^'^-Ser^^-^'-His^'^-A)a"'^;^^ 

(Chen, et a'... !988j. Studies of the, signals that ta^^^t these proteins to lysosomes 
have focused on this sequence and i( was snown Uiat Tyr^'^^ is critical for lyscsomai 
.targeting and that His Al^^^, and Gly^J'.^re u^iipportant in the targeting of the 
protem fWilharrs and Fukuda. ei a!.. J. , Celi Bio], . Jll.:955, 1990). 
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A cytop.asniic Tyr i;. L JilixTi x'l if. cmalizj.tior. from the cell surface 
o,- several rccefnors ir.cliLlir.^ lov. de;si.y Ihoprotein ('-PL- (Cren, et al., 1990), 
insulin (RajPgopaiam, ^.i;., l?^',, tpvj-MP' ^ov/t^ ^a-to^ (Heli-. and Eeguinot, 

1991) , polymelia i.:-.rnj..Gfe;ocv:i;- (?o!y-I.i) (£re:-:fidd. ei al., :'^90;, trarsfe-rin 
(Collawn, Cl ai., I^JO), caacn-dependent a.id independent mannose 6-phosphate 
eceptors (MPR. (iohx^.c:.^ e. a'.. 1990; Canueld. et al., 19^"; Tadot, et aJ , 

1992) , and CD3 ^^.c.mej: a.id ICa.T-er, 1992) (r. tne case cf CDj, ihe 
-;ij'ecule also utwizes a ::.;cuc-,ie rno::: m the largeiing mu:hanism. 

t Vaccine 1 v^iO^j-neiA 

Tia^aicnc! .iccints rily jr. ■.'■.cic jrgar.ii.r.s. e i i.r ^a*! s.-ai-s ::.a: 

have beer xilltd s.r^. „^ .-vM ^. e- iaX-: caincge-.icit.;. On .he 'ji'.t .^i:.c, these 
vaccirss -un tne iisk c/ l.iucduc.-.i .he d .Svii3C they a.-c desig-cJ prevent ;f the 
attenuati.r. -s iiiSUiTiCiei.. c • .f enodg 1 c/ga;.i:;rns oUivive t/.e IciKir.g step dunng 
vaccine prcaration. On the jtoe ■m'C. such vdtcines favc '.'eJuccd ir.fectivity 
and are often insuff;jiei..:^ ,. .nu.'uge /c, rt^ulli.ig 'n i'ia-.:.cq ja£e p.'-otcction from 
the vaccination. 

Recently, molecular 'ciologica' :ecir:ques "nave been used in an attempt to 
deve op new vaccines based on individua'. antigenic r/Mtcins ."".-om the pathogenic 
organisms. Concepiuaily , ujc 'of antigenic peptides latner ±cu.-, whole organisms 
would avoid pathogenicity v^hilt providing a vaccine containing the most 
i-r.miinogenic ep /cpes. Hevcvei. it has been found .nat pure peptides or 
carbchyaraics tend to be A'eaK immunogens, seerr.i'i, io require a chemica.1 
adjuvant in oraer :c ue properly processed arid efficiently presented to the immune 
system. A vaccine depcnde,:; .or. ' .i.-po". ■.;s ihou'.J contain as many T cell 
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^p::opt>: as would be .ecced co stimulate immuri.y a target population of 
ci\-erseKlHC lypc^- Further, since T cell recognirion requires inLraceliular protein 
pyocessirg, vaccine preparation^ facuitating, jniemalization and processing of 
antigen should generate a more effective immune response. Previous attempts ;o 
c:r-c: antigens to MHC j-*:;-.Ic:cuies (scq U.S. Patent 4,400,276) vvere not effective 
because ihe antigen processing ^stcp was evaded. A successful hspati^.is B vaccine 
has been prepared using cloned surface antigen.ol l^ip. hepatitis B virus, but this 
appears to be due to the tendency pf the hepatitis, surface antigen moiecu.e to 
aggregate, forming: regular, parliples th^.^ a^e highly irnmunogenic. 

r.'jF. r Cancer vaccines,. }^ . . 
• , i ,,^ It js now well knov^r; fhat tumors express ajitigens tbat are capable 
recognized as foreign from host antigens by the T cell arm of the immiune system 
ana tl^ere are many potp^ntial types of tumor, specific: antigens. 

* ^BV Epstein-Barr virus gene prDducts in Hodgkin's 
lymohcjmas as wei* as 3j;.ats arid other .ympnomas, 
produces of the HTLV-1 genorrie in adult T cell leuKemia 
and, human papiliomavirjs (HPV) £6 and E7 gene products 
; in cervical carcincnia. 
^ Mu:a:;qrs in yanpus oncogenes such as the position 12 
iTi'.viatiqn in K, vas hav^.aeen implicated as a major genetic 
aiieraiion r/^.cojcn cancer ^s well as other malignancies. 
Mutations in tumor suppressor genes such a$ P53 are 
e)er,remely ccp^mcn :.n many meilignancies. 
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R2iirr:.n£cir.e-.ts ;h^. ;es-.lt :p ..:L^vation of oncogenes' 2.ch 
I. i.he reanangeu-.eni between ihe BCR and abl gere i: 
chronic' nysiogenous 'euVen; -. generate notel piclcir 
sequences. 

Tunon -e^xpr-sss dtvelov:)^:- . dt embryoaic genes •'.tx-. 

art roi expressed in nor.ra' ct'.'.f ;r. the ir.c^'idual Such an 

exirr.pie is the MAGE gene identified as a oOi :c; of a ceii 

recjgni/.ed antigen in hurnan .Tieiiinoma. 
In many cases. :l nas bei ; demc-nstia^ed that peptides derived from altered 
ger-.e'ic sequences of ihe sort cescr.te^i above car. associate with either ViriC class 
I or MHC c;a-s II n.oiecL.es and De recognized oy tne appio^.riats n-Jper or 
cytc'oxic 7" cells. 

The mejci- inrust can:e. ir.-.nunoiherapy is the idsiUificaaon of these 
tumor specific antigens 'hen th- deve'oprnent of immunization strategies that 
w:\ mos; ^fftcriv-::' genera.^ T cc'- dependent immunity against ihsse £u-:igens. 
.^or example, studies ir.aicate that vaccinia virus recomtinant vacc..-.2s containing 
ei'.h:. 'he SV4C '! artigen ^cnes t" e6 and El gt^nes from H^'"' c" influenza 
nucleoprote^n wiH p-otect ?.r— als agai.^.^. soDsec^-ent cpllenges wi'^ lumci ';t'ls 
that expiess these proteins as turr rr a-uge-f Ta- p otic-'c: is associated with the 
generation of antigen spec::;, rtipo^ses d"Po:;g i ct-is -n I'ost. 

Any strategy whicn w-'.' c i,^ p. est-., ■ i.' or of z particular antigen 

on MKC molecules of tics: a, i-en ?rc3e-ung cei... wculd, in fact, ennjaice tiie 
immunization potentia. cf Sfcn ^ v\~u .>cd s ra.i^y for human cance-. The 
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equivalent arguments ca.. be T.ade for generation enhanced vaccine efficacy for 

•/ua' infections S'jch £.s HIV. 

It IS an object of this invention lo provide vaccines with enhanced 

' '.[v.munogenicily. ■■ • 

. It a further object of this invention to provide more effective metiiods of 
vaccination, through the use of .novel, immuhogens vyhich are directed to the 
ly^os-rml/emiosoroa] compartment v/here they are processed.. and presented to 
rr-ajor '-.istocompjifibiH.ty complex .MHO, class II molecules so that helper T cells 
,. are prefcrpn'-ia'-jy suflTiulQted . . : . ; 

. Jt is^ycJ, another .o^jec- of th:5 invent cn to provide improved methods of 
treatment fc; cancer by diciting sn anti-tumor immune response through 
stimulation of Uel,p,er T cells,. „, 

. TUese And .other obj&ctf achieved by the following embodiments. 
■ . , , , ,in.Dne,etTibodiment, .this,inventkjn^g^^^^^ 

eiiQiting^anJipmune respo^se^iji a mamnml to an antigen, comprising a vaccine 
vector., .wherein the vector, contains^ a. c^himeric DNA se^ijient which encodes a 
protein containing (1) an N-l.^rminal tjqrpj^ip , containing, a sequence enccding a- 
least one eoiiope of said antigen. (2) , a transmembrane, domain ar.d (3) a 
cytoplasmic dom.ain containmg an endosqmal/lysosomal targeting, signal directing 
ihe protein to, the lysosomal membrane. In particular embodiments, the pro.e::. 
encoded by the chimeric DNA segment contains an intraluminal N-terminal dorr.?.:ri 
ccir.crlsing av '.east. one epitope which, i^ a peptide that complexes with n-.ajor 
histocompatibility complex. :M^C) class II molecuies, and the protein has a short 
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cytoplasmic domain .-.hich cG.-..a>,s an 2:Ac-.c.:.^J\\ Ms:,.r:.. trrgeMng sequerce 
near the C-term:rus cf the proiem, the ^z-^'^'b -e:^jLnce coir.prising the 
letrapeptide sequence Tyr-Xaa-X^^.-r-U.., .v>.2.'v- Xt : a n/i-.^- cbic amtnc 
acid. 

In anot'nei cr.'c^d'umr,., this !nvc! :ion provides a "le'hod vaccination for 
eiicitmg ar, ..v.rndr.c ieipjr.se to an ^..-.tigin co.Tipnsing adp^ilv:stering to a mammal 
a vaccine :o.-iipcsi'icn '.cr.:air;.u a . i-^ior .'.hich injects t^e mammal, wherein the 
vector coniair.5 a reterobgcus JK.^ :;eg r.er.v .vhicr. e:ic >Jes a jrotcin containing 
[ [; an N-teriTunJ uo.r.air, co/^-irig a east o vj -r::ope of se.id ?,ntigen, (2) a 
transT.embrane doma'" u.-J (3; a ;ytyp.a;rv c ilcm^in cor.i'.i-Uig an 
endoscmal/lysosoma' targ^. . , s:-.ni] di.tcu .g f .:^ prc'eir. expressed from the 
DNA to the iyso3cmai i.^enb.-ziic. 

In r furtlier emboc'r^.ent, this i.;veption provi .-its a iTiel.icd of vaccination 
to elicit ai: immune respcr-ie n a .-la-n :-: aii antigin, aih-.prising administering 
t- said mammal a ceil p:;-j>.'.-o-: jcnia.ning an anuger. prese-^ting ce_i (Ai"'C) 
capable of replicating i:i caic wre i •> e AFC, aft^r sdrnnistration, v.'ir: 

express a J'<A secuence enccjMig '1 > N-'.e-ininal domain coi tiining a sequence 
e^coc--g at le-.M cie epitop^ : " :he ainigsn, (2) a transxernbrane domam, and (3) 
r cytoplasmic domain coritai.ri.g an endosomal/iysosomal targeting signal directing 
a ; -o:ein expressed from the DNA sequence to the lyiosomal rne;T.b;ape and will 
also express a celi surface protean Pon the MHC dass I! group, he cell svrfacc 
proti •! being compatible with the MHC proteins cf the T.ar :. r •:.i. 

in s'jli another enibooirperit '.his invention prz'..'^cs a r.'.ctroc of treatmer.; 
for a cancer patient, wneieir. a eel' ^oy . i- aJ;r i.;.sier:ji to sa^il patieni, the 
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cell popula.cn ccr.tair.iag an art.gen pr-^senting ccl! (APC) capable of replicating 
• su'.d pari ?!!•., vvhcrem ihe APC, af:er admiaistraticn, will express a DNA 
sequence ciKoding a:. M-iernvlnal co.n-.- cc.r:a:n;r.g a sequence encoding at least 
3r,e epitope of ar. ar.tigen characteristically fcuna on the eel' surface of cells from 
ihc pancn;'s lumor, a transmembrar.e domair. ar.d ?. cyloplasmic domain containing 
an. e-dosof7.al/!ysosom2l targeting signal direcV:ng:d :.roiein expressed from the 
: DK'A seqcerre to thc lvsosonal ir.ciT.trans, and will cJso express a eel! surface 
protein ^rcm the MHC class 11 group,- the,, cell surface prpieir. being compatible 
: wii!-' the MHC prctein5 of said patient. . .■ . 

, ; T;.5S ir vsr.lion is-based cn the/.nventosr' discover^', of a tajgeting signal that 
.,. , , oir.?; proteins 4p the endosomai/l,Yso?pRia! compartment, and their discovery 
. , !ha; civ.menc .transmembrane proteins containing a luminal ajitigenic domain and 
a cytoplasmic .efldosomaJ/lyso^qmaJ, targeting signal wil,l effectively U^gci antigens 
to .the •endosomal/Jy.^oscn^a.i, .compartment,, in which antigen processing and 
association with MHC class II occur^,. These findings directly support the concept 
of., including chimeric g?nes involving the antigen of interest, linked to an 
, endosoiT^al/iysosornal urgetmg sequence s,uch as that pf LAJVIF-' . in various 
immunization vectors. WhCR these vectors introduce the chi^meric genes into cells, 
thc?,^-ccon),b:nant antigens are expressed and targeted, to the endospmai/lysosomal 
. .OTmpanmept: where they associate more efficiently witn MHC class II molec.ies, 
resulting in enhanced tn vivo , stiffiulaiion. of CD4* T ceils, spec.hlc for the 
recombinant antigen. This represent.-: a novel mechanism for :?rgeting of protein 
.....antigens 10 the MHC clasf. 'i pathway for presei.tatioR -- a meciianism that will be 
rr.cre efficient .nan t'le sajlie:.- ^.raunizati-on strategies.- The strategy of delivering 
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antigens lo ar er.doscmel/lyoOi ^.m:.] .vo-.-ipanr.-t ."l b , ."neans if r himeric constructs 
contain;ii£ sucr. !y:;GSO.nal ;rugc::ng s.gnai:i v> i': vi'.i.; >! any v^cc.naUon or 

i:nrr,jnizi: on stra.c^^ .: i - ;o 7' -n.;' r/. CD-I' ?,:HC Cass L res'rcte: 

BRIEF DEs:irirTTr> t:te di^awtn-:^,? 

Figarc ; s!iOA-£ fiuo/cice;.-.. phctorpi ■.••ogr?;.::i c'' ^ Kidney fibroblasts 
:r.\usrx.:c6 wi:h citrcr u; ;^-:d:ne.. ci rr.-.L'::i. LaWF ! cDNA Afte" 72 hours of 
t.-ansieni infedicn, '.he :e!'s were 7x20, i:e:-nt;ib:';ze;', ir^ \:,;uba-ed with 
rr.onoclonal ant:ooc;e3 -jecific fc- nouse h.. l -.-v.?-! ovcd by 
nuoreicen'-ccr/ugatc\3 scjo? dr-v ?;ii;:c:;:e;.. F'gb -- l.s ^1 J'J-.:trcl {mock 
iransfec:e'^> ce.ii with a-Ui-mojre LAMF-1 or/abo^y. Figu-c 'P 5ho'V3 control 
(r.'ock •r-:.,srected; cells vvitn ar.ti-hinrc-. LAMP-1 i>;-:ibocy. '^igure IC shows 
cells ti?..-sfected *ith unrodifieo -r.ous. -1 "cDK.., visualized with anti- 

mouse LA.MP-i antibod.es. Fig'.re ID shows cd.s liausfectec: wiih j-.nodif:ed 
mouse LAMF-1 cDNA, visua'izec wi'.,-; a;..- hur.-'a:s LaMP-1 antibodies. F:g!.re 
IE soOA's cells iransfecicc' -vb mouse LAMP- 1 cDNA mod'fied by deletion of 
lie -'-, visualized wifn a:. i -mouse LAlvlF-i atitibodies. Figure IF shows cells 
transiecicd .vitn mouse LAMP-1 cDNA Tiodified by ciexedon of Jt"- anc* Thr'*', 
v,s.ali^co -.^iih ajili-mou^.: LaMP-1 antibodies. Figai-s IG sbows cer.s tr?nsfecied 
r-juse LAMP-1 cDNA fied by substitu'ior. of lie''' 'jy Lc.:, visualized 
^uh ai.i.-mousc LAiviP- . vtib-^.c. Figure IH '.--.cws ce'.'S trar.sfectcd wi.h 
mouse L.AM?-i cDNr^ modi.'-.cd by Sub • -../u^r. of jy Fhe. '.:£u?.iizej with 
anr.-nio...^e LAivlP-l ar.tibou.-s ;,.g>- . sro'vs -e.'.s tiar.sfecl^d -.vith .Touse 
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LAMP-: cDNA modif^ec o, .ub3.i.r..G.-. of I!e'^^ oy Thr. visualizea with anti- 
.-.ouse LAMP-1 ar.nbo.lks. I-igiirc IJ shews cells transfected with mouse LAMP- 
1 cDNA ncdined by sybsiiict:.or. of G!n"- by A'.a. visualized with anti-mouse 
LA\:P-i antibodfes; Figure IK shows cells :r-ifected v/ith mouse LAMP-1 
cDNA modified by subsiituiion of Thr^^'' by Ala. visudize.^: with anti-nouse 
LAM^-1 antibodies. Figu:e IL shews cells trar^sfected with mouse LAMP-1 
CDNA modified by substitution of Glr ^^-Tlir^*' by Ala-A'a. visi-aii.ed with anti- 
mouse LAMP-1 ar,:ib3d:es. 

Figure 2 shows fiuorescera photomicrograptis of. human kidney fibroblasts 
; trar.2ietied wl.:. either ur-rodified or> niutaat ,CP44 -cDNA. After 72 hours of 
'rar.;.i?n. i. :er.:iGr , :he f:. -5 vere fxed. ■perrreab:lize;d, and incubated with 
• : Tru-ncclor.alar.ic'^odles.specific fGrrr..-use.CD4 A followed by fluprescent-conjugated 
3econcr--y fr.t/.iod^cs. Figur.v2A s^ows ceUM.ranofextec^ w^tr unmodifiei mouse 
CD'^A cL N/., vi:ua:i?ed with rjiii-mouse CD44 antibodies. Figure 2B,shows ce.Is 
transfected with- xodificd^ mouse Cr,44 cBNA having a truncated cytoplasmic tail 
. ercing in the- ssq-ience Tyr-GIr Thr-Ile-COOH, visualized with anti-mouse CD44 
antibodies, rigtire 2C shows "eiis iransfeQtef' .with modified mouse CD44 cDNA 
having a iru.icated cytoplasmic laU, priding p -"S sequence Tyr-Gln-Thr-iie-COOH, 
visualized ^n- anti-hunja^i-LAMP-l,JV?^ibocies (or the right, outside the plane of 
focus. is an untra:^^fe^.ied cell^. ^ig,uf^.2D snows ceiis transiecied with modified 
mouse CD44 cDNA having, the sequer,C£ Tyr-Gln-Thr-Iie-COOH at an interr.al 
position i? ^he cytoplasmic r^il, yisuaT.ie'i with anli-mpuse CD44 antibodies. 
Figure 2E shov-: cells t-ansfecia'- wi'.h p-odined mouse CD44 cDNA having the 
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ssqu-'ncc Tyr-G'.n-Thr-Ile-COO:-: rf:?r 'he r-.rH?xy terminus of t'le normal (non- 
truncaied) C^44 crcopiasmic tail, visualized v"', moi-se CD44 antibodies. 

Figures 3 a.'.u v show grapiiicaDy the -;sults oi 'wo experii^ents which 
det.en.'ined .he pre!: .v^.Jo;i .espouse oi anti-H^ - f/ansgerac T ce"s incubated 
.vith A2C zr.l.zcn pre-y^n.ing eel's transfecled with mcdificd or unmodined HA. 



A. Dcrmiiior.:; 

"^he p:?ictice j't u/esj.-; in.t;- i...p':.i. -^--S z^.::^'>^ i-.o ci.:ec, 
conveniicoal n.cccu'.tu' C'..c-^j, .-!c;ol,.o.^^^ , ai'':. 3 a. . . iw-h..^,u^i 

within .hi sc!, :,l ..r; ar.. S'-Xi, lCv.h-:q--;i are cxpla: .ec "'v."'.; ■■' "r^ !:.e-£;ufe. 
See. e.g.. A^^ra-h, rr.^c. & Jar.-ook, 'ImoI^c.'.^.: Co.-. : 3 \ Uoo:-a-.cry 
M?nual" (!982); 'ii\A C.Of.ir.i; /-". ?r«>cJca. .^p'>.•o^c■:■,,■' 'Vo'^ires' ;r.d IT :D.N. 
Glover, ed., 1983); '"Cli&cnac!ecti..£ Syn.'-.io-s" v'-'.-- -^-jc sic 

Acid Hyb-dization= iB.D. Ka nes dL S.j .Hifo-ln^: t^.s., •5' Si);, "Tr^.-scr r xn ai'.d 
Trarslaticn" (B.r-. Hair.ts .Sr :> J. Higg.ns, eJs., 1984;, Anin-al Cell Cultur-" 

(R.l. Freshney, ed.. i^So, n oodized Cc'is -.-.o Er.zyriies' (IRL ?ress, 1?86); 

b. Perbal. "A Pracuca! Gjk-^ Molecular C oMng " (:.';^S4). 

In descnbing ihe prese-.: •.p.ver.iirr the *oi.j»'ir.g icrTinology is used in 

accordance wich tne defv.;') o ..^ i;t oul "iielow. 

A ■^dc.bi---s;.r-u,-.decj D^-'A n-.c>ifcculc' rc cis -C ±r: .neric fcrm of 

<?sDxyn*jor.wC'.20.:aes (adenme, guanine;, ;:!y.r.:ir, o. tyiosine) in i*-s -ormaF 

double-strarder; helir,. discu.ss: -g tic sruclure of particular go ub'e-siranded 
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DiNA n^oicc'ilcs, sequences nay be -described herein according to the normal 
convcr.uoiv c!~ giving only the sequence in the 5"' to 3' directicn along [he 
noniranscribee; stand^ cf *DNA u.e/, rhe strund leaving a sequence honioiogous to 
inc mRNA). ' ^ " - ' ' • ^ ■ ' ' ' ' 

A "ch.mieric DN,^ ' is an identifiable segment of DNA within a larger DNA. 
molecule mzViS not found in association with the larger molecule in nature. Thu:, 
when '(he chimfenc DNA'encodes a protein segment; :he segment CQding sequence 
' will be flahkcd by DNfA that does not flank the coding sequence in any naturally 
" " ' occurrin'g genome; Allelic vanatio'ns cr naiuiially occurrang mutational events do 
''^ ' • rio\ giVc rise tO'a'ehimenc-DNA as-dcfin-ed 'herein. 

^ ■A'cbding sequerfce is ^ari'in-^ame sequence of codons that (in view of the 

genetiC ccide) (Correspond to or encode a profein or peptide sequence. Two ceding 
sequences correspond to each other if the sequences or rheir ccmolementary 
• sequences encode: the same ammo acid seq^:cnces A "coding sequence" in 
associ Aion -viih tppropnate regulatory seqi^en^cs may be transcribed ar.d translated 
into a poiypeplide^ m 'vivo -.:- A pclyadenylation signal and transcription termination 
sequence wiri 'usually be.-!ccared 3 '-(to- the. coding sequence.. : A; 'promioter 
sequence" is a DN a regu'atory, region sa-pable of binding RNA poiyrierase in a 
cell and iniliat^T.g tra-^^cnoiicr o: e dcvvr^stream (3' d'rection) coding sequence. 
' A coding sequence Vc^dc. the. -^on- re:*' of Lhe promotex sequence m a cell when 
RNA poly n-ie*ase wnich bi.'ids the prornoiej ^^ue:^e. iiranscribes the coding 
sequence into mRN/. which- is 'ihen irp turn translated ^into ^he protein encoded by 
tne coding sequence* ' ■ ' 
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A celt has 3Cf,n 'trer.sfo r.r.er 2x?.?e-ioir. T'NA v/ -.en stoh exogenous 
IT-MA 'las oeen ^ntr.^d.icec ;nside "-.e cell va'^ 2:. -jer cvs r'N,". ni^vy or lay not 
Ke in^->.gra»ed (cc vde-ry 'i-iced) io -.hro-^io^c:-^: ":>-'A 'i?A'in^ .p ^,'^'J:ne o.' 
tre cell. In procaryotes and yeast, for exan->, iht exogenous DNA may be 
n.ainuiip.-d on an -^isnrr^?] ele-en*. srcb as a pla.sTiid. With respect to eukaryoic 
Cf.;:s a stab'.y ir.-.rfo-mcd ce^I is one tn which the exo^en-us DNA has Decoir.e 
integrated into a cr.roTOSome so tnat is .nihen^ed by daughter cells thrcugh 
chromosome replication. This stability derronstrated by toe ability of the 
eukaryotic: ceV to ..stab^isb ce'i '^res or clone.^ ccmnn-d of a ropuia'.ion of 
daughter cells contaimn3 'h^ exogenou: -n^.^ A ■cone ' is a popula'ion of cells 
derived horn a srngle or corv-.c- -reenter by ..eil div;s:or A 'ce:.i l-e" ir 
a clone of . p;im8ry eel' tha: C2.pabis s^bie growth k_vima -or .nar.y 
^cneratic. s. 

A "repliccn" .s any genetic i'emen: (e.g., plasm=d. c.iromosome, vims: 
i.iai fuiiciio!.s as an a-ionor.rui -.'.n'.: of DNA -ep'o.'-i: " _r_v;.vr- 

A "vector" i: agen' us^^I *o •ptrcducc a fcrerg', ,r.'bs:arc?, such a: :::Ni" . 
RNA or p.ctein. in;o ar. orgai-.isn.. -c]c^ vec crs include recombinant viruses 
.for DM/.) and Iiposon-es prcf:'.-.;. 

An 'epiiopc- IS - i.-ac;u.-'. -iLa", i i-cV: up z. short peptide secie-ce 
or oligosac-h.riiic, na. i. -^cO'y spec.r.cally bou- by a 

conn«.^.en- of .1- ,n n.-f^ '.yrr. -^-c-l' cpiirprs have generally teen shewn to 
be lir,CHi c.!ir: ; epf.i?.r T v- --iT-n;. -'.ccpcid tc. each olhe: if ihey CJi be 
specin.c^tiy bound by L.e sa-c a- -.-ocy. Twc ir.rbodiev co-respond ;o ec.ch ciher 
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if boih are capable of binding, ic -ihe s?.r:2 epiiope. and binding of one antibody to 
ts epitope prevents binci-ig by ihe other antibody. 

B. The Tpr-^et'.n^ Sequecce or 

Lysoso:r.aI Membrane Ghcoprcieins: 

The knoxN'n cytoplasmic t^ii sequences of iyscsoma] membrane proteins, 

LAMP-1 (Chen, e: al., 1988), LAMP-2 (Cha, st ai., 1990) and CD63 (Hotta, et 

al., Cancer Res. , 48:2555, .988), have been angned by the inventors wuh theTyr- 

conraJning irtemalization signal nn the cytoplasmic tail of LAP (Pchlman, et a!., 

1988) in Table 1, The Tyr is .c^.own to be required for endosomal/lysosomal 

targeting and u is dernonsiratec herein ih?.. cne complete sequence requires! to 

target, other molecules to lyscsomes requ:/cs Jie Tyr-X-X-hya sequence, a Tyr 

fc!lovved by two am:nc acics folio A'cd oy a hydrophobic residue. 

TABLE 1. Cytoplasmic tail sequences of the major lysosomal membrane proteins. 

The coascrvec Cly-Tvr-X-X-hydrophobiC residue mouf jn the cytoplasmic domain 
of ihe describec^ lysoFomal^membrane nroieinn iS underlined, where X is any amino 
ac'G. The ccm.pleie cytoplasmic tail sequence of the listed proteins is shown from 
the transmembrane region to the carboxyl term.inus. 

LAMP-l: R K R S H A. G Y 0 T I 

LAMP-2: ' *' K H H A G Y e' O F 

CD63 : K S I R S G Y £ V M 

LAP:-''- M E, A P P G ■ Y R H V D G Q 0 n A 

. The .importance of l -^.ycropncbic resioje at cr near the carboxyl-terminal 

posiiion is shown by the 'tsu'ts Outainec ^rom rnodification of the Tyr-Gln-Tnr-ile 
. .sequence of LAMP-*, Mu.an^ cDNA rn-^'cculcs were constructed in v/hicp. Tie was 
• ■ , sabst'ituted with two other .hydrophobic residues, Leu or Phe, and a polar residue, 
;: . Thin. Su::.5niuting i^u fTy-G]n-Th>Leu). and Phe (Tyr-Gln-Thr-Phe) did not 
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afreet lysosonia] uirgeLr.g, wi.ci^as tn^ Vuf coMt^ir/i.-ig rriiititru protein (Tyr-Gln- 
Thr-Thr) accun-/j!a;^d at z^:. .ji;^ce. ^i-e roit of Gi:. a/.d Tlu" v. as analyzed 
using three additior^i ^v, ta. :: ^ 3u .e:. fcr Gin (Tyr-Ala-Thr-Ile; , 

Thr (Tyr-Gln-Ala-Ilc), and both residues (Tyr-/.la-A"'--I^e). These subsliiu::cns 
had r.o effect cp targeLr.5 of Lhe protein to the lysosomal membrane, indicating 
lhat these position, rr.ay be occupied by charged, polar, or nonpolar res!G..es. 

Additional constructs indicate tha^ the Tyr-Gln-Th'*-Ile sequence, while 
sufficient to confer lysoson^.al membrane targeting, must occur in a specific concex^ 
:o mediate lysosomal signaling. Non-tr rcated mutant proteins having the 
sequence Tyr-Gln-Thr-'ie i:.sert-d In ihe middle cf ^: long :-7? n-uno ac^.:i; 
cytoplasmic sequence cr '\z ir.^ ict : .. J ;'ace:^ z. ihz end of <i long cylcpiasmic 
seqrence vere rot t^igeted tc lysos'-^iev )u :?the- ^ppe^reo o^. the plasma 
membrar £. 

C. ILe aioui/icatio 0/ other proieipj for *he purpose of 

taryelirig L ese ps oteiiis to endosomai/iyscsomai compartment 

The present invcn ion proviaes immune stimMietory constructs composed 

(1) an antigenic polypeptide dcnaii c^ntair/ng one cr mc peptide segments 

which, when re:^5-d proteolytic erzymes, w^ll complex v/lth MKC class IT 

molecules; (2) a transmembrane domain, ax.d (3) a cy'ioplasmic tail containing an 

e»ido^omuj,^!ysoscma: La^^geung sigra; ^.hit targets liie antigenic domain to the 

compare ncM capable of a::LgL:i process :wg ^..d presentation tc MKC class II 

molecules. It funher p/oviafs hetcrolcgcus or chimeric DH/. encoding such 

c;rstrucls whic': also crp:iir appropriite con.-cl sequence: "cl'ov/ed in order by: 

a iranslation ;njt)a^'or she v\ -e-id" f-^rn^ \/>! ^ "igiai sto^^^v.c^ ^hat w:'ll direct 
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expression lo ;he secreiar\ compartment the antigenic domain, c hydrophobic 
ir-^.n.smembrPane domain,, tne cyroplasmic tail ccntaming the endosomal/lysosomal 
targeting,, signal, aiid iranslationai, ^siop .s.Lgnal. Re containing this 

- heieroiogous DNA also provided ^by Jiiiis inv^ntioa. 

. , Usually the replicpns are capable of expxess'^ng, .the immune stimulatory 
cQnstruc> inr vivo in a mamipalian cciK^ Expression, of the hetexoiogous DNA of 
. /ifii5;inve.ntiQP-by an antj^en^presenurig q?ll,vyi,ll result in targeting of the immune 

- sti^nulatory . s^onslPicr tp thq iysosomai/endp^omal conip^ment, vyiiere peptide 
, segments vvill tje^jrelea^ed ty comple?;. with lytliC cla^s II, mplecules, resulting m 

sP Tiulation of the^CD^,!, J cell .ppgul^tion specific for the antigenic domain cf the 
cqn^^iruci- , . , - . , . . _ . , 

} , - ^ \r, Antigenic Dornaui . , 

As, regards the antigenic material, the present invention is widely apphcable 
10 atiti^enic^^Tiat^rials which axe of use in vacc.'T^es or m other ccntex:s. The term, 
''antigenic materia]': as used herein covers anv substance that will eUcit a specific 
immune response when processed and presented in combination witn an MHC 
-class II molecule. ^ This antigenic material will generally contain peptide segments 
that can be released by lysosomal enzymes and, when released, coxrespond to 
MHC class II eoitppes. The antigenic m.a^erial may also contain regions which 
stimulate other componenis of the im^mune system. 

Because the constructs of the, present invention iraverse the post- 
iranslational modification comjj)anments prior to transport lo the lysosomal 
compaxtm.en^ the antigenic domain pia^' also include epitopes resulting from 
cellular r r.oif'cation. Essentially, any polypeptide that can be sy^tnesized oy a 



mainrncilian cell and couu?.ir.:. epitope:^ w.'ich can be cjniplcxed by MHC II 
-nolecLilcb mav be incorporatec' ;ntc .he antigeiuc domdip, either directly in 
pnnary amino acid setuer.'-;c c: signals c'icciing i:? creation during pos.- 
translational prccess\'g.- Seicc io;, cf the mcs. appr. .nr te portion of * le desired 
artigen proiein 'or use as the air.igenic dcinain can bs done by fjr.ciiona' 
screening, liroa'"'^, this screer.ing rr.c.r.cd i-ivoives c!o-.i-g oKA encoding one 
or:io:i segn-'cnts of the p.x'.e:- ai'igtn aj :.;t Lrngcnk c:^^;-^^ cf LN'a encoding 
ar. i.-./ntme :-,dmulaio;y ccnstruc: as iaugh. h-;re;/,; prcferacly, such a constract will 
incorpora.t the t'ansrnc'-.ibrane d:,fn£,.i and cytoplacnfc la.] o; ;.,AMP-1 The 
clcred DNA is expressed, preferabl, :f. a.. a.-.tigea pieseniir.g ccii 

The particular screening nrocedure depends upon ihe ;y,je of ..-.figen and 
tiie assays for its antigenic activity, A.rtigenicity r-.ay iri?,;'::tc by j*!::'.uiatj.cr. 
of antigen-specific MHC class II spcc.inc T celi ifne o- c'one. Alterr.ative.iy, 
antigenicity may be deterrrined by rr.easurement of the abia'y to generate 
anibocies or T ce'ls specific for 'h; antigen in yyc . .ntst aiid other tests ol 
antigenic activity are well known to ;nose skilled i,: Lhe a-t. 

Antigens hat may serve as <.-e souice of -'e'^n-ci a^r.-g^nic ":ateria: 
include tumor anfigcns, a-Jlc-antTgcns. ccli surface -rotc:ns four':! c~ r^ammahan 
cells, proteins of bacteria, protozoa or .in~u bciuding ^srecialiy proteins found 
m the cell walls or eel! membrane- :^ these orga. !s:-.s. zrd riro'ems encoded by 
the genomes o*' v-ruses mc'i iin„ -et'ovir-jses s-cr. as HI V and hepadnaviruses. 
Particularly preferred entigens s.-e ar/igen;; tncodea by .he ge.nc-^ies of organisms 
causative fo; or associated wrh ne?ati,:'s, rabies, nala ia, sc.-istcsem:?.s;s. cance.-, 
AIDS, yellow ^eve^ oer.gjc feve:. zcv::\c encepha-.i'.-;. Riff valley fever, cai 
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scratcl. fever, v,ra: men.r.g.::.: ^>a:Mc.nar!y preferred v.ra] antigens are virally- 
cr.ccued proteins er.cc-o b> the ger.cr.e of vir_.es pathogenic to man, horses, 
COWS, pigs, liatras, gira.fes, dogs, cats or ch:cL--s. 

2. Transaiernbi ai.c Dctr.aln 
The structure of a tra..smernbrane do-.naln in a y olypeptidc ts well kr.own 

V , Ar^ai r);^rs,<rr. ■7^.-)42 1988; Klein, et al., 
HI tiie an (see, e.g., mr.gbam, An.t;. -j^^'-. 

V, "-ta S15-468 1985. Kvle & DocliUle, T. Mol. BioL, 

m 105, 1982). Usually the transmembrane region appears in the primary 
. sequence as a sequence of 29-25 hydropitob;c a.Bmo acid residues flanked by more 
■ — ci- bt '^ound.- for 'example, in most cell 

... ■, -^p^M 3.- - v/e"- as many othtr membrane 

surface antigen sa.;ue.:ccL ...--^ - ^e,.ei... .- c, ./c . 

. • prole.os. Tiie ^ar.icular trans.T.e,r.b-anc 5e.:fucnc=. i? not cntiCcJ., so long as 
ser.-es connec. .he antigerie 'C^errain to -.he cy^op:.si^ic .ai: and anchor the 
construct iV. the membia-ious compartment. 

Ma..y piot-,ii.s .hat will serve, as the source of the antigenic domain for 
paiticu.^r tmr...ne siimulrcry constructs .will be. surface antigens that include a 
transrr.en.brane. domain in ineir primary sequence. Such a transmembrane domain 
car. be retained, and the cytoplasmic domain replaced with a lyspspmal/endosomal 
.^-...;ntt as uugnt hereto. Alternatively.,, the:, tr^.smembrane, domain of 

LAM? , preferably with' the L/.MP. .cyioplfismic tail attached (see Chen, et al. , L 
BLol^to, 263:8754. ,1988, incorporated her^^ 

;o the primary ■sequence.of>the<iesii.cd.,antigenvQ domajn.to direct the construct to 
lysosomal proctsssnag .foriprescntation via. the WHG 11/help^r T cell system. 
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3. Lysosorra. '^'ndof^onial trjv;?e*'r,^ s:gnal 
t - ^.e- -pcc;^ n'.-^'/ v!:ed w^i^^ Tor.tain a signal that confers 
endosom?l/lysoscmai ^xan^-les / --icn -.quences occur in he 

cytoplasmic dor".a-.r,s c/ ■ r. r.: ly: ?o"-"'/e"ao^o-iL' nrsenbrane g'yccproteins an':! 
.eceincis -.''-.'c'-. ryrlc cciv'.,-;"-. cpdoiiomcs iu^ the piesna membrane. Sequences 
ccntai'i.ng the .irict n;; ?^:ra: r:ay idei'^f.^d by c^nstr-cting a chimenc DNA 
co.-.iainir.s :\-c ? rit^er/ •. j~--v;i o*" H/,. a tr.r.smemhr.i"e domain, arid ;he 
cyxuiasrr.x- Jomai'". ef a rroiam c^ntai--ng a putative lyso-.omal/endosomal 
.argetir.g signa:. Eff:cif:-cy of --r.ing ::: T.ea.-jreo by the abiHty of antigen 
r:TL5e)::i:g aelis, c;.;;eii:- ^-vi: T'oxV. :c sr^-^r'-e ?-i*o-^ specfic, 

MMC cl£5.3 I? rc3i-:c.i.- ^ :: -.r-p\- ^ -elc.v). 

.r.c.ooes 7 .i..-a-cpt-:de sc.TJenc; 'o'. 't^d the -ytcplasr^ic doT-?jp. near the 
transmembrane domair ?.nd also near the C- terminu?. "^b^ rytcplar.-rc d-maii. is 
prefc-ably a shon a~ .no c scqvenc^ Clsss th-r. ^0 a'vlnc -c cs, preferably less 
iSa:. 3C axir.o ac.di, most p/ererab'.y less :? ^rT^ir.- ^r^dr erd=-g ir a free 
carboxyl group, in a :r.orc pre.'crrrJ ?-.:o:i-er% trc v.:rapcFtide .s at the 
C-icr.'-r.j' end ov a shon cytoplasmic til contr.ms :^e target-rg signal, or is 
a conicxl si.r.ila.- to l-AiviP-l. A i..iable fcu" ? r-: 3cid -,q :?r.ce for the 
tcir^peplioe may tie ojtai:-.^:' Dy a.Ti:ro zzxd sn^stiti-lor s 5cr lci;g a5 the moL:f 
coiis;.^-.s o" ;yr-X-X-Hyr (a here X rn;ry ^--y amino acid ai-i:", HyJ deletes a 
;-,3d.-ophojiC am.-.o acid), a-d .jilif ^ ; cD-rc^- lysGSomal/cndosomal '^rgeting 
is conserved. A particularly r:^fcr.-cd tair? . -r.' re e.s "^r. sr^ucnce Tyr- lln-Th-- 
Me. In the most prs'-eTcd ;mbo---r.-.. '.he -n::re LAMP cytcplasn-ic tail in 
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.--•■n nav oe connected lo the pnmar>' 
. . .Ti-en'VHC class 11 processing and 

scc^'jcnce C: U'- auu^.^ 

■ preseniauan;^ . ^ ' ' 

4 , A^embi, of sequenc,^ ..)codin^ .l.e inu„unoge,. 

fo, cons,™cuon of *,„.=nc pp.ans known ,n :he an 

3.,,,.. ,eoo..nan. ON. .,e.a. s„c. as .ose av.>* .on, 

.OS.. vu,A, ...^.^ - 

. -h. 'p-gen-.c nomain, the transmembrane 

TUe DNA segment, cofrespon^ling ^o.^^S^tJ^-.^'^^^' 

. .he ,soso„,a, •^.e.ns se,..nce .c,...-- = -'^ - ^^"^"^ 

,...o,,an. .,na, se.,.,nc« ... -..ne p,oc..es of 

., „..s;,,a™...93,C0,,a„,.nI.n,ro.,e.....M.^ 

' " ^ -*cM,Mnc,rpo»M .e..n ^ererencC. e.cep. for a..uo„ 

' , , , o.. sequence ,n,,dins a: pro,, or po„pep.* can be sy.-,he.^ 
. - - ap,^^.,.. Tne .N. s=,.ence .o be 

• ....UM-eapotoP-aiecodors for ine desired amino acid 
„.tn ,elen nre'e-red codons for lire inlenced host m 

• ^ The romoleie sequence may be 

> nrf>nared bv sundard methods and 

. ,.,en.bkd .from. overl,pp:ns..9l.'&QnpQlcoud9 pr?P^red 

"' " ' ' e - Edge (1981) mm 
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?9-756; Kamoa^r.. ct al. {\l>^^, :>c:e;.: ; 11^.-29:-^; Jay, et al. CQS'.:.) ]__RioL 
Cnem., 259:6311. 

Preferc.'jr-, M". ..is ■ - c-rnain, TfTiST .-.TitT-ine .-"omr.-.K a;Ki 
iyso.sc.ma;/eiioose:;.ai ui-,j:i:-^ .•.iji-.al-rontE.ini-.s cytoplasmic domain may be 
isolated individual' / usir.g trc pclymerase chair, res.cdor (M.A, I'.nis, et ai., "PGR 
"rotocols: A Gui jc Tc Methods and Applications," Academic Pr.-ss, 1990). The 
domains are prcie-a.iy isok-ie-:: iTom publicly available clones known to contain 
thcn^, bu.. they ray also te -sclated froT gencnic DMA or cDNA libraries. The 
condit'.ons c: the re<r.t.on are suct that the isolatec fragments are bordered by 
compatible restnctio:. er.dcnilclei-sfe site: v/nich a.'iow a chimenc DNA. encoding 
the immunogenx pr-.r.n .ev.ence. to \t tohsiructed.- This techniove is '^-.l 
known to those o- s!d'! i.'. ine aiu 

The basic s.rategi-:? -3.- preparing oligc-^uclectjde vin n'.^rs, crobci ^.nd D^'^'A 
libraries, as v^el. as taei. 3',;.:ening b> "ucleic ec^d bybr.d^zaticn, r'-e well known 
IG those of ordina.y src^ i: the art. Stt, e.g.. Sar-trcc.;. al., -Mciec-f.ax 
Cionipg: a Laboratory Manual" (1589 , .-. ?e.r;i . ^ ^- Pra-ticc. ^--rit. .3 
Molecular Cloning' (198-^ i-b; . ; i i ; -op-i^.e genomic _-:vA :r 

cDNA i^brary is wi'h^r ' r. ski.', of ■ -:r\. S^.. B- Perbi.'. Hl'vra. 

..Itcmative.y, suitable J . 'ib d-:-. c/ : jb-;ciy ava^lab : c'-nei- ^-e ava^.able 
rro:T^ sup;...e;s ofbi: cg^c:?; rc.^v. ^ r..^ cr-'s. r^.c:- C;3nei:':cT and Stre'agene. 
as well as public de^os: .o—..-. s ;. .'. *r the r c ■can Ty- Cultutc Cc'.lecfon. 

S;icc::--. nay b- ?ccj. sh':J e . r-essing secr-cnces from an expression 
library of DNa ino oeiecirg .1-. -vd.'-j-'scJ i::i::ice^ '■"rnur.-.;og-'.a''y. Clo-.e: 

u • u ^ ,. ..... '^.c I . - - " '" ' rr^'y^c 't c '.re -esi.'ed 

which express p...>i v.es t. . . - '" -'-- -■^ 
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£.nL:bod:e5/T eel; recepicrs rirc s.-^Iected. These selection procedures are well 
knew- iG those o: cidma^' sk^:: :n the ar: ;see e.g.. Sambrook, et al.). 

Ouc:c a -lore :c;vain:::^ c:.a:n,g ser .ence to; ll^e desired polypeptide 
sequence has been prepared or isolaiea. .ne sequence can be cloned into any 
iuiuble replicon ^nc -hereby maintained .n a compcsiiion which is substantially 
free of replicons that do not contain ;:he coding sequence. NuF:erous replicons for 
: . c:oning are Ki^own io. those.of skill, ia ihe.art, .andithe selection of an appropriate 
replicon \s a matter of choice (see, e.g., Sambroo.k, el ai. , incorporated herein by 
reference). The DNA sequences and DMA molecules of thq.prQsenl invention may 
e-:p:f.ss:^d ustng a vvide; variety of bosi.^'repiicpn compin^uons. In a preferred 
embcd;meat pf .the.prese,nt- j ^^-nt;pJ^,t^e,codmg s.equ^ the^. polypeptide is 

utaccG under telecontrol o^a prcmoier, riboson^e binding,, iiie (for expression) and, 
opt:cnai:v^ an cpera;cr (co:lecc:ve:y referred ne^em as 'control" elements), so 
that the DNa sequence is transcribed into RNA ir ihe host cell transformer! by a 
replicon containing this expression construct,. The coding sequence preferably 
cOi.iaini a.sig;riai peptide or leader, sequence. 

. PreferaWy, the replicoriS of Lais invention will be infectious for cells of 
animais, including man, horses, cows,.,. pigs, llam^as, giraffes, dogs, cats or 
chickens, ana more preferably ine repHccns wii: infec^ these organisms. 
Panicuiariy preferred replipan.^ include ire vaccine vectors described below. 
JD. Recombinant ^^^ccipes 

This invention has gf^nera. npplication to all recombinant vaccines, 
' , regardless of ih^ vector, or a-^.tigen, provided the vector enters cells that contain 
,»^^HC clas^^ li molecules ar.vtns: present antigen *o T ceils. Examples of such cell 
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types include .eii.^ .,f denc.rirc, -a'-iophr.ce, :n:-sto:y... 2^:' 3 :e" lineages, 
whether the ceiL bs sierr. ccl.s o'" othr. a-.-igi-'- pre:;; :. ting cell rn-urscrs, cells 
that car. be WAic^ Is • p.-.-.vtirr r.e.l:.., o'- irature antigen 

prese.iiing ceils 

T.ie nci..cJ o'" Jus ..r/er.tio:-. is conte-o.'at^d for all j.nr-m:Tizat=.on or 

v^ccKiatijT; straitgies t'.at xntemplal'i MHC -:lass -es'ncted T cell -espcnses. 

Diseases to: whicr. mi:; iherapy is vmicu'.-'.y a-,-' : ::^.V. ; f '.dude aV infe^uous 

diseases, cancts 'irc ' jLoirri.Tiune d.scaj;es. 

rv.a/:;- :ff'ji'.s ir. curre. l vaccine research are direc'Cu tc >x;ress:oP cf 

antigenic orote ns by .T'iciobiui vec'ors. Reconlnran. ex,?:c::;-.i .TCy 
Gei,."dfrciP micrc-ors?r'sniTwhJc»- readily ir/ect a r>.3Js ircluai.^.fi :vAn hc.o-.s, 
cows, pig;, .ua.-as, gin.!Ves, dcg:. ca . C cnxKeas. ?:-,fc::-cd cetera include 
those vvincn have ancao- occr csed -s l.vt vacci.its, such zi^ vaccin.a. Tnesc 
recomoinants can be direct. y :cocu;alcd ir.'.o a nest, cciiferriug ini.n.nity not crly 
.o the microoial vec x, 1:ul a.so i:- exprtbse: fcrcign ai ligcns. F-efeirea ver.ors 
contemplated herein as live ' reccrnDir.aii vacci/.es i.-cludc ^^AA viruses 

■ adenovirus, herpesviruses, poliov;rijs. ario vaccinia av.c; other po:: virascs, as 
laL'gh- in -lexr-.^r, Adv_7^ai.l!a^.. 2.:5i, 1??0, .r.corpo:a.cd herein by 
reference. 

Most viruses car. vt eng;r::e lor exDie;si^.i o" vcreign proteins or 
epitopes. As early as iSJ'/S, lL„e:-,. O-' s.q-eences were introduced into large 
DNA viruses thrcugh ncmoiOgo'-s re^c:. ur. itic-n anJ riar^^cr .-cscue (reviev co ^ , 
Roizinaa and Jtnkh.i. . .Sciei.ce ^2.''^-i^ '^SS;. Sno;tiy tnercafter. such 



wo 94/1-192 PC17U594/00588 

3 4 



nr-n— V » ^'ac-'nes. Although the technique was 
cevcopcd fyr r.crpes simplex yirus. nomologous recombination is useful for 
r:>scruon of for>e.gn DNA jnto other.large PNA.vlruses, s.ch as poxviruses (Moss 
ana Flexncr, Ann. Re\ . Immunol, - 5:305, .98'?'". 

RNA vl.-us-s .such as.poliovixu's hove beer, used to express heterologous 
ep. upes. bu:.3n'.?.i: UNA viruses, are tightly. packaged, contain few nonessential 
regions D^^^, ,a,^cl thus have limited capacity fc: foreign polypeptide 
-expression. Smailer-DNA viruses, and. RNA. viruses may then be limited to 
expression of a single an^igeaic pjoicin, or sm^i- polypeptides.. Other virus vectors 
.,r^ w.de:o.: used, for ., protein, expression, bv: their mability to replicate in 
ovimrpajia, ..hosts, ^e^g. hacHlqy^rps^ o- .rob.ems with constitutive protein 
exp.essiqn. anfJ. 9nsogemcuv ^,^e.,g.., retroviraJ, vectors) may limit their use in 



vaccines. 



. Ths use of .v^cQinja. as virvs vaccme Ir. th?. global campaign to 

. eradicate smaUpqx. madp ya^cinia. an, pb.viQus, choice for development as a live 
,. recombinant vaccine vector, . Liye,recon]l)mani vaccinia viruses expressing close 
, (o- 100 different., foreig^^ proteins have bc^n reported, and a number of these are 
effective expenmental vaccines (reviewed by Moss ar.d Fle.xner. 1987). Vaccinia 
,s panicul.arly versa-.Ue as.aq^exprcssion vector becau-e of its large genomic size, 
capability, of accepting. at.'eas; 25.000 base,pa.rs of foreign DNA. and Us ability 
, ic, .nfeci mcsi. euv:^^yor.c ceii lyoes. . iPc;udmg insect cells (ibid.). Uniike otner 
DMA viruses, ppxviryses.replica-i. exclusively, in the cytoplasm of infected cells, 
reducing the possibility pi genetic pch^n^e of recombinant viral DNA with the 
hosi chromosome. Recomoinant vacci..ia vectors have been shown to properly 
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process and express pioxirs ^ a vau'r.y cf soui'c-s indLd"/-g ma.-^, other 
mammajs, paiasi.es, ]1.>Ja and DNA viruses, bacttria anv^ bactcrioph.^ge. The 
virus is capable of irilec.ng ^■'-^^s: ^.aT'.rnaJs, making it v^etui vzciov for studying 
a broad range o; hu-^a:. <./iC. aiiin^-^r r''sea:;es. 

Cci!SfruCi.:.-*i of ;ive -'^ccr/jinan: iriicroorga'^ isr:3 is based on sta.ada^d 
t-ohniqnes [ar-i ia, .o .:',ost :,k.Mle:] "r. the art. Tn-: i'cl!o«A^:ng desc.:Jprion covers 
proceuures ta^i rvdy ce use:' will; vaccinia virus, fc^: sir'i'ai' ;;rO'..edurcs th^,. inay 
be used wit^ e he^ vectors are krlCv»^n ^o those sicii-ed in tne ait ) The expression 
of DNa e:coaiii^ a j'or::^;.i proicin :s ccntrjllec jy host virus regulato-y elements, 
including upstrea.-: ;:r3rr.Cie: t^^^cjcnccs and, vhere pccejsa:;, . RNA processhg 
s.gnals. insei vio . o^' Tcre:5.j ui^A : -i' .sscnria; regions cf i]r.z -acji-^ie -^.rus 
genome has oeen canied out by homrlcgc:;:. recombination (Fanicali, a]., "^rcc, 
FsatM. Aca g. £c:. USA 29:45^-^, l?i2 \iackett, c> a^., ?roc ^J^: Acad. 3ci . 
USA, 79: 7^ 15, 982;. .i-xprcssior. of foreign genes within the EN A may cccjr 
because of transcripior.e: ^e^ulatcry eiemcru.; a: ur nci./ :he site of insertion or by 
more precise genetic engineering. Plasrnid y 'xtors that g^ea^!J facilitate insertion 
and e;:pression of fcr-ig'. genes have oeen consl'.nicted (iVlackett, et al., J. Vi^oL , 
49:857, 1982). These vectors ccntain an exuics'sion site, composed o^ a vacciria 
iranscriptiona! p!'omo;e- anc one or more 'jniqae remictioi! endonucle;^.se sites for 
insertion o'" the foreign coon^; se-^ter :e Ta-kec cy DN\ 'lorn a nores>en:'a: 
region of the vaccnia genon-iS. v ^ ^.noic^, ii^o^iu:^- e: e:*r-n-s borh the time 
(e.g early oi laie) a:«: tvel oi ex 3~ess'o' , vhereas t'ic Hanlci-g Di\ A sequence 
de.ermines t^e site of nor^o:j>?jus recor^ j.ratiOr. 
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Only abo.t one in ?. chnu=;ani vi;_£ part.icles produced oy this procedure is 
2 rcconibir.ant. Although reccrnbrnan- v:r..s pl3.cues ca;. be identified by DNA 
hybridization, eiTicien: .eleciior. ?i-^^vris -3,^ beer, developed. 3y using 
segments of nonessential^ vaccinia virus inyrrldlre. kinase (TK) gene as flanking 
sequences, the foreign gene :ecorro.res into the. TK locus and by insertion 
• ^activates the TK gene. Srlecno-; TK virus is ac:v.eved by carrying out the 
• virus plaque assay ;n TK cells ir. the presents,, of 5- bromodeoxyuridine. 
Phosphorylation of the nucleoside analogue and consequent letha' incorporation 
• .V : into viral DNA. occurs only in cells .infected with TK* parental virus. Depending 
. . 0 - I'lc efrciency of ir.. rransfec'ic- zr.o recpr^bmation, up to 80 of the plaques are 
desired recombinants, and the rest are spontareous TK mutants, 

■ Piasn-iid vectors ihav contain 'bc S. ^oll /?-gahclosidasp gene, as well as an 
■ expression site fcf a second gene, perm-, an jJiemative method of dist-nguishing 
recon^.binan: from parental vxus ^Chakiabarti, et ai.. MoL_Cell_Bii:L, .5:3403, 
i985). - Plaques formed by. such recombinan s car-be positively identified by ihe 
blue color that forms upon addition of a;j rprropnate indicator. By co-b ning 
both TK -selection and /3-galac'osidase expression, recombnTam virus is readily and 
q jiciciy icoiaieri. The reconbinants are then anpHfiea by, propagation, in suitable 
eel". i:.ies an-' expression .of the. inserted .igene is. checked, by, appropnate 
enzymological, immunological or physieal prpcedures. , , ,, . 

.An upper limit to the amount of genetic information tl^^t can be adaea to 
the. vaccinia. virus genome is npt yei..kwwn. Hov/pver. the addition of nearly 
25,0-00 bas: pairs of fcreigr.^NA had ncapjjarpnt deleterious cffrx' on virus yield 
(Sm.th; et al., Ceng, 2^:21.. We^e.U necessary, large segments of the 
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vaccinia vir„s ger.one ccu'.^ : ----c' pro-'^de cdc-ion.! crnacuy (Moss, n 
al., J. Viroi. , iiC;3S^, 1931;. 

Also vvi-y- 'n be r- nj:"?' : ■. i"^ ;rv;;r*ion are viccines containing ceil- 
free p-^pude iT.r.rncj'ins, vhc-e th? ^mmu-.ogen contains i^e -ansnenbrane 
region and cy:o;.-asrTTC :ai' viiH 'yrosm-e' 'a-geting regior, cor-esnonding tc 
•nm-.r^c :ir;. •.•later; c:^':Struccs ;n:odec' by the DNA sequences described above. 
'Tl;c ifM.-.unc :-in'.'-:r, co.^sfur. nay be boun(^ a menr.br^nous s^.ruc.ure for 
adminisiratior. as a vaccine. Sacr. ^T.-.ur,:gen:; a>'-. p-eferably inr,crpcratcd into 
Uposomes, for .nsu:_x. ao c:'r^..; "J.S. ?:.-n. 1,448,^^5^ iv:c-:c't:.l heren 
by refe'cncc. 

Vv-:-.;-- a pro.^i. cr ac'.ysep. dc is to \t used ^^• an i— r-.i r.ogen. i' ir.ay be 
produced I, expressior c: il/'. T'M-^ i'.'- ^ .ecan.bini.r ' cell or it ir-.ay be prepared 
by chemical cyr.thesi.. ex^^niplt, I'^e Mei-i^.eid t?x:br=cv.e aoumal o i 

Am^ILlLC.h^^^i^-I'.-'. vo. 55, pp. 1149-215^. iQ6S). ca: be mcd. 
3. Adnur^irui'u" 

■ ^ ■ ^.^.^^^^c -'-'^ be ;ccomjin.?r^ :'icrc -organisms 

v/.vcb. express t^e irf.nv;ni slir.iulaic-ry constracis T>re-at-alic- cf ccmposi-ions 
cortaining vaccine inater'a: aci-ordirg ;o tbis invtriian ar..j ac^ministration o: s-xh 
composiuons for immun-.ialion of nd-v-ideali. accomplished according tc 
pn :Cipies inimuiizal.or. th;-» aic weM k:io>vn "o -hose sk.".c^i in the an. Large 
quantises of ihesc rr.aic-.ic .r.ay I. obu.ined by cuUtmng recombinant c 
cransforhied ceV.s ccr/a.-.-L rcn'-co' '> thp. erpres' the cb-merc DNA descnbec 
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.,ovc. CuuanMg rne.hods .re wc::-K:.:.„n taosc skillcd.n ,hc art and are uugh, 
,n or.e or ;r.cre of -he d.ca:r..;us cr.od .bove. The vaccine material is generally 
produced by c.::.re cf v.c: nb^pa.uQ- -.r^n.-'mcd cells and formulaied in a 
phrirmacologically acceptable solution cr .suspension, which is usually a 
.- • physiologically-compatible aqueous solction. cr in coated tablets, tablets, capsules, 
suppositories or ampules, as descril?ed/n the en, f:r example in U.S. Patent 
4,446; 128, incorporated herein. by rcfereince. Adra-nistrF.iion may be any suitable 
route, inc-bding oral, recal, intranasal or by injection where injection may be, for 
. exL.r.pk:, transdermal. su,ocutaiieou,s, i.ntramusciiiar or iniraveiious, 

■ T^c v3-ci"e :-T.pgsltip:'^,>s,adi--^ :'.-.-e.G p a mammal in an amount 
. . •. sui-rlcie.. .c ^ncce an i^n.nexesi.on,£ r ^Tv^ral, A. minimum preferred 

. . amount fo' adn^inistration rs-the ^i^ount: .eq.urol ,to cUch antibody formation to 
.., . a conccnLr:;::')n ieas: times, that which existed pncr io adn^imstration. A 
; typica' initial Hose fc- administration ^ ouM .l?e lO-iOO micrograms when 

. :. adminis-crcd :n:.avenoi:sly,,intra.nuscuiarU or sabcuianecusly, 100 to iOOO 
micrograms t-y mouth, cf the^immune st-r.-.aatory construct, or IG^ to 10'° plaque 
...forming units cf a, recombinant vecior,,a:thc'igh/.r.is amount may be adjusted by 
a clinician doiPS the admin.sir.v..An as cc- -only . occurs in the. administration of 
vaccinas and o;her , a^.n^s,. which, ;nou.c immune responses. A single 
, . ■ . .c-.ai^v b- <;uff'.''ier l-^ iri-.;c£ immunity, bu. multiple 

•adminir:r:.tion£ may be c^.^ out to Lscu/-^-or boost the response. „ 

F jnhci d.-scrptic i r/' .v;i.xb!S -etrods of. formulation and administration 
. accordmg tc th:. ^r,v.nt vr :^ay be - und in the foHo-vng U.S. Patents. 

. , .incorporated he-i.n by refe.-e.-^-e: iO.S. Patent 4 4M. 1 16 (constructs), U.S. Patent 
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4.6S-.76: (rr.c<:-bi.ant bac--; .".rd i: > r?.ten- ^5S2.G02 and 4.920,209 
(recornb.;'.ani v.ruise:}. 

E. Tr^riofcc .vC ; •<-',^n pr-e-/:.-:;-, ..'lis 

A snategy .o ...... ..e i inaiTci-c ant^-et. :„.-.-io-it>;tion fc- - nn-.un^zr.^.icr lo 

remove rnager -rts'.r urt -.dls frcn; tb:- body, culture the cells iji^rz, and 
.ransleci Jicse c-:,i v/i.r. ar. a-croDriat.^ v?:tor encoding the anticci ^r-rest 
. 'i^- t • 'v'- '^rc..--; IP QirrL'l as descr-bed abc-.;e. The'^c tra.'^.sd.ced 

riiUUlU'^iU Will" II j^ik -^o' 

a-.5gen p-e.enii..g ce;.s now express the antig- of i:V.s/e-:l ar, can oe re-in^ected 
into the individual, t-iereby jrrreratir.g in^n-,a:it respor-ei. \n .x.-nple cf ^Hs 
strategy would be tre -i'-^' - - " transform:.. 'c . CE?4^- p-tcurscrs l.t?.t a-e 
differenliating us Ji-: ..i- • • — ^ - - 

iniec ion or these t;ar.ou.cc cenuntic J::Ul:.:£ e -_Piti-uct containing 

ar.iiger.ic 3equenc^i5 !:,.k:^j oar .ndosonablysosoin^ ^-e.u.g ;igna'. w-i: erha-ce 
the associa'jcn of pe^•.l-..^ v'^c f-c:n a par/edi-f a.ri-tr. ith VI^C class T 
molecules on t:.e ■ansc.c^io aniigcn prei^ei tin^ cei:., -osu'ii-g in .'gnifi'.-r.tb- 
more potent systemic r cei oiocncci-. ir.v.'.u.-.e re-pcr.-i:. V^hile f-.e er.tigen 
presenting cells tr;.ns.V,:.- . this stvateg> ai^ pre'i^rably autologous ceils, any 
tv:HC class ir ceils tha .^live y p.escn. a.v sen in bo=t may be used. 
F. Immune lolera d au'oiir 'v." i'*} 

h4any auio-x nnu.ie o-.tai^es shT v a c: a , ■ f.o;. wi • r^ct:!' MHC Cass II 
haplotypcs and are associaitd - in ?berrar.; tr.o-entibcdy p/rd-jct -r . suggesting 
tnat tne gene^iion cf seu-rea./v.: ^ " ' : ^.-^ - :z.:ic.id CD4* ~ cells is an 
imporiant paihogenetic sit^. C;v- . .hai C^^ v'^'i ca.i, u.-^er certa: • 
crcums-^ances, be inicivaiwi or e.icrgb.c. o\ engagcne.r. of T jell recepior 
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absence of a second signal <suc''>a^ the co-engagement of CD28 by its 
i:gand 3^>, it ibiiows liiar.me CiTicicni prescntarion of an MHC class II restricted 
anngen on an MHC cia^s Jl ^'ceU liiat .Gid not displ?y fie appropriate second 
signal wouid represent an effective tolerage.n.,' iThe generation of this tolerance or 
inaciivatioil of ccruin CD4^, T'Ceils. oould .be uspd to turn off aberrant iinmune 
responses in auio-iriiniuMe diseases, ; - . - 

In the embodiment o(;t/iis fprii;iQjple, a,.pop;' .antigen presenting cell (tnat did 
:.OL express ap.> corStimula<ory signals) wouid eitJi,er, be induced to express MHC 
Class U orixvo^uld, be ;Karisfec;ed \vi,Lh the apprjgpri^ie MHC class II genes. This 
. ::ei} v/ouldithen be.ackiitioually iran.sp,ii,c,ed wi(h the ayto-^ntigen of interest, such 
a> the'.acetyieholine re<C(^ptpr in, Uk^ case^ c^.-rn,ya^^5thpnia gravis, linked to the 
endosorn^l/lysgsoma! targtV^i9gfSi^gnal.-.|njpQtix^n,Qf/.he^c cells into the host would 
resdl: in I'jming off T cell , responses, agains^^lh: antigen, based on the eifxient 
prcsen'^tion of peplide,s,equ.wnpcs. %j|VfHC^ cl^^^^^ molecules :o T cell receptors 
, on CD4^ T cells in tl^ie, ab,sencp of the apjpropnate co-stimula^Oi^ signals (signals 
ih:ii are prov^ided.by effeqtiy -e:anlige;ja pres^m cells). 

G, Cancer immuriotheratPv , , , 
1. Candidate^; (]or ,lreajj?7if;rt 

Carididates for cancer immunotncrapy wcu''d be any pauent with a cancer 
possessing a defined ,^d,^ider)tiri^d.,^tunrLQr. whose gene can be 
cloncG and maCK^ified p,y, the, LAMP ly^Q.-^amaj/endosoma; targeting sequences as 
described herein, E,^arriple.^, include patienii wiih documenied Epsiein-Barr virus 
associated lyrnphornas.j palipp^s Ai;h HPV, associated cervical carcinomas, or 
patienis 'rviih : a^ defined re-arraa£en;ijeni- or jrutation .in an oncogene or tumor 
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suppressor gene, it -s er. .isic" -d .ha: :.:t;.a,.j v.. n ^ va... ... , -.^01.^ .... 

tumor aniigei. linker ic .:;e .,so.orn.'/e-Jc.'::"a! >.ii:zt-:.ng seq^ierce? in a viral 
vaccine coi .0 te utii'.z.'J ai pc^xd c'lri- the c>..r:.e of the inliv^c^ual': 
cancel, 0.1:.' I '3 idert'f.ed It '.i ^'so oossibic that :n high risk patier.is, 
vaccinator, i- order :o preven. 'he sibsequer^ emc-gcnce of a career with a 
defined tun-.o- spec'lc antigen cou'd be p'rforrrec' 
2 "vjcediir : ''or f icrapy 
In one embodinv.at, :eco.noiriar. vr-'a. vaccirc -o.n;^-.--iig the r.r.r.:.3:: linked 
witn the lysosoir^J/jf'Ju.c.-.-a; ta-ge^ing sequence i-'coryKratci i-'o ^ ifi' vaccine 
such as vaccu.i.a. vou'd :e DrGd-::-d i.' ia^ge ':;j:;;v.-;:is ?.s d'^.rc -^bec: -i^ove a.^:! 
would be injected irtc lie "T'lent at any Sui^th-. ; tins durjis 
malignarcy. Hrc'erai , , ria -^r'u. voviJ - injected at a stage wi--; the timer 
burde- wai icv. ai-.-rna'. ve v.T.oodiintn' in wnich thiii ..onitrurt is 

introduced -to ih3 ---.'v^l'^ ^.^' .^r P'-.nt:rg ce^s, prec./scrs ic -he antigen 
presenimg ceils y "ia.;-,rc a: - g-vi p^escr.tng cells arc draw, either fr':- the 
individual's bene marrow c«- o- p -era! b OiC D> vc v pvrcture. Tr.ese cs'lr are 
established in culttre followed tnMsdu^.iou with the chimeric construct. Once 
transduction had ocr j-^ei .. c.c -uigc. presenting cells are ir^jected back -,to -.he 
paiieni. 

In apairc.'arlv oKi'/t -J c-^bc'l^r- c-.. irv-niion Provides a rr.-thod of 

tu:r.jr bur'-:e':. such as early in tl^c 



di:ease, after rescc.io- of : -;'.p.-^..t .v-.ci, x vvnea ti^i 'ourccn of tumor cell: 
IS othc. wise reaucsa. ■.. i: .Tv.noc* j.- u a :jn,3.' -veci'ic celi su-..ace anf.gen 
characteristic c." ihe paue.-i's tor.-.o; U^.. been tdeni:f cd, ?. cell population 
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conuiiriing aLtologous steri- ceiiS' capable of differentiation into antigen presenting 
cells uhicr. express MHC class II rr.oiecules is obtained from the patient. 

These ccl:£ are cuiurtx' a/ivi i^an: ~o:'f:^,er jntrcducing a hf^terologous or chimeric 
DNA niolecuie v/hicn encoaes a protein ccn'^ining (1) ar. N-terminal domain 
containing at least one epitope of me tumor-specifiC ap.tigen found on the cells of 
llic patient's tumor, (2) a transmembrane domiam and (2) a cytoplasmic comain 
containing an endosomal/lysoson^al targeting Signal directing the protein to the 
lysosomal membrane, i.e., the DNA encodes the immune stimulatory construct 
descnbed above. The transfectcd stem cell population is then reintroduced into the 
patient, wl^.ere ihe stem cells differentiate into antigen presenting cells which 
express MHC class U molecules cornplexed with epitopes from the tumor- 
specific antigen. The immune' response to the tumor-specific antigen will be 
enhanced by enhanced stimulalioii of the helper i cell population. 

The follov^ing Examples are provided for purposes of illustration only. 
They are not intended to limii ViZ :nvsntion c^escnoea aoovs, which is only limited 
oy the appended claims. 
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Example 1 

Anaivs.s of mu^^-'' LAMi_l JLLCJ^--n:U^! Mf-et.oas ;it th^ cyropiasn^ic 

Lail- 

We ccnstructec ? "erie;; of .nutanl LAMP-1 cDNA molecules conta'ning 
stq)-wiic de'.-iiop.s in -.i- -ytcplasn^.ic .ail: ddelion Ile^^^; dele-;cn Ile^^^ and 
Thi^"; deletion He'"- Thr^"' a'd 31n'*°; anc deletion Ile^'-, ThH'', GIr/'° zr.c 

Sile-directed ivl ■'"S ^nes-': and Su bclo rir? of M^tatci LAMP-! cDNA : 
Deletion mutartp werf. prepire^ 'ising the pciyme;asc ciai" rescdcn. The 
tcmr-law was lb- M-.ea- LAM^- : c^N * c'^-c 9E5 .^l^a, t t.., .?>C). Trx sense 
primer annealed tc ±t 'cqvcncc .'o-rt.5pc-d:ns Ic ••i.rir.c :/;;d resiaur.3 ^a:: tc 
Asp'^. 5^ ba?e pair? 5"- of an EccR v -estrlcticn si.e. The ^c'lcvvpr^s aids^nse 
^rimers we'-e ure' *o e--^e'-".te de'et'ops (-;:i.-a:vre 3:30 codon :s in bo'C, Xhc i 
restrction s-te 's bovrc vi'." Irracke'.s): 

Dele-on Tyr^'-, Glr'*", -h-' , and I'": 5---::cias"^c*.cgagg^ctagccggcgtgac^cctc:;-3' 
Deletion Gi^."^ Tl-r^*'. and :'e''- 5--c'c'3g^fctCEagg^c*^^a'^gccggce-;?acx>3' 
'::e'c:ion Thr'" and lie""*': f- c*.ctaga[c-c';sgg:cf,actgat?.gcc2gcgtga-3' 
De-.etion i;-"": 5'-ctctaga:c'/:g?.gg^^".aggtc!g2iagccggcgt-3' 

The approximaieiy ^.51 base pair PGR p-cducts ve-e 'so>.:ed on a 2% 
a|.arosc ge! and perificd using GEN':3 CL^iAN :Sio-)01) A plasmid containing 
tne LAMP-l clcnc 9E5 inserter' in; -h- '=coR restriction si.e the vector 
PcDNA I (Invitrogen) -vas c. . wi.h Ec?".'/ and Xho 1. Thi v i!d type insen 
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resulcing rro:r, riis cul wzs /cv^o^s-.c :.:.c repiacex^; with the deletion encoding 
msens. 

' The n;jnri^. cDNA fnolecales were tran^ferClev^ and irarsiently expressed for 

■ ■ ' 72 hrs m human cmbryomc -kidney nbrpbia^ls,. The eel's were fixed and 
pcrmcabiljzcd, and monoclonal antibodies W7,th appropriate fluorescent-conjugated 
' ^ second aritibpdies were used to ois^ing.uisii, and where applicable coiocalize the 
. trajisFecled muriae ;and .e.idcgenous human LAMP-1, the.. control for iyscsomai 
localization, in the same cell. , . . , - ^ 

■\ - ■ i TraasfeGlions and Irpmunonnorescence :, 1.5 (10^ cells per ml) 293S 

.Mr.: 'huTpan en^tbry^^ni-; kidn^^y cei;s jro\v:;-c ^ pO% DMEM/F12 (Gibco), 10% fetal 

- : ; : [ calf scHj m : .(.G Idco w:exe .placed,. a jsten:^ 35^*— ussi^e culture di^h ^on^ning 
• ; I , ! : a .sterile coversjip., Cells were incuba.te<J cvemight at 37''C with CO;;. Media was 

- s/ 'Changed 3 hoiirs^priorrto tji^TiSfeciions^^ rr' Lrai;s:ections, 10 ui 
. ..: .... of 2..5. M,C^Clj-;Was add^4J9,Sj0^iil 9f.l iflM.t^ijS H^l (plji 7.5^, C.i irM EDTA 

corsiajning 5 ug of LAMP-l (normal pr_ mutated) pla I^NA. To this solution 
.,jrpi w'^5. a^dedf .IQO ui 2)^ Hq^es i}^ Thp PNa siurpj' was added to the 

dishes. After 4 hrs al 37''C, media was .a^piratejd frpip the dishes and^ 1 ml 15% 
glycerol in phosphate buffered saline (PBS) was added. After, 30 seconds, cells 
were, washed with PBS^ an/l 1 5^ ml. of media wa^ 2Lddcd. /U 72 hrs, cells were 
fixed in 4% paraformaldehyde in PBS. Cells' were then incubated for 15 min with 
0.1 % saponin and 4% normal goat serum in PBS. Cells transfected with LAMP-1 
were then incubated with 0.7 ml of an equal mixture of ID4B (rat anti-mouse 

t < ' ' ■ : ' , ) 

LAMP-1 monoclonal antibody, Chen, ctal., 1985) and HS'G'll (mouse anti-human 
LAMP-1 monoclonal antibody. Mane, et a!./ Arch. Biochem. Biophys. . 268 :360. 
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1989), and 0. . % sa,v.).-,..; >. r.n. f.c: .vash:n^ v/i;'/. T>B5; cc-taining 0.1% 
saponin, cells A'ere incubatci 30 Ti- wi^ PBS ::ntajning 'C '.ig/^il Texas 
Red-conjuga.td goat u-..--c,v, IgG. 2C vg/ri: 7';: C -c-n;.^it?.j go?.t ar.t- inou:^ Ir.G 
(Jackson xfvimuncchen ..cais;, and C. ; :a.i:or:ii.. Cells wcri u/ashrd 3 .iir.ei. v^ith 
PBS a.;d ;tit covcrsiip wa.^ irvcncG -ic u slide cDn'^ nir.^ a croK cf 25% glycero: 
ir PBS. T''C sliJt-s were observed as.n^ a Zeis. AMOphrt vnder a 53X c.l 
immersio-: x-s. Exposures were .nanuai.y acj iste: lo cr.e cu3Xtcr '^.e ?':tomaac 
setting us-.r? TMAX filrri (Kodak). 

/.il (jeie-ion n.uiun.s, ir.ciuci-g I'rose thai ccnUi'-ec" the Cx'itica;. Tyr, 
accumulated at the cell surfac. .rsies. of at :r.e .>so3CTai .T.emD:ani • deletion 
"''^^''S -'^-iL-e i'-i: ce 1 ."ie**- a.-. Vi.^-', rigti.e ii-; die iwo adciiuor.a! nutants 
wiin .argcr c^le icn.^ e -e '-,o; shcwr.). in coni.-as', un:i;odified munr.e LAM.-i 
vas :arge*>"o o Me yscs-or ai -r. crare (F'gare iC) a5 ;noicateu by colocaiizaticn 
wi;h b'j.-na" LAV?-. -F:.: . e iD,. >'c r,-,n:, .ecinc bla'p^-,.. wr.s cbserv'ed =n the 
urtransfecici . un an ce' s (Figures J A auC 3j. Tnzit data i-d.cate f-.at the 
carDoxyl-ier-v-; lie^", r/ ' o.s3:oly Thr' i^rid Gl" "'^ t\^o, p.^y:. an ir-nortanl 
-ole tne ^^ige'-.r-.g of I/P- - 
ExampSe 2 

Ar.?.!ysis of rriutan; LaMP -I Dr:-\cins v/iih --i.n.ro acid sirbstittit ion s at th e termitiaj 
lhree4WSUicMi5_(118():182;_cf ..^^ 

The above d;.if. loga'.hc: .-Mh f'~e known cytoplasmic Lail sequences of two 

addition?; :ysoscna! merr.branc prceirs. LAMP-2 (Cha, ct al., 1990) and 006-^ 

(Metzelaai, et al,, J. Eicl. Chem. . 266:3239, 1991), and the presence of a Tyr- 

containing internalization signal in the cytoplasmic taii of LAP (Peters, et a".., 
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i990i, SLig^cs: iiat ihe i>scso.;.a: ^rge^ii^g signal for these molecules :s a 
corserisus secuC^cc rcn^oc^CA! of ^ Tyr fo:'c\ved b\' ruo ammo acids, at least one 
v:f v/hich IS polar or charged. r Vi^vved oy a h}'orophobic residue (Table 1). The 
importance of a hydrophobic r^iioue a: the caj-boxyl-tcriranal position was 
suoponed by the results obtajneO wiih th.ree mutant cDNA molecules in which 
ilc^^^ was subsliicled with two other liydroph.obic residues, Leu or Plie, and a polar 
residue, Thr. 

Substitution ar;d insertion mutations were prepared using ihe Amersiiam Site 

ducctcd Muiagcnesis Ku. Anascnse strand of LAMP- 1 clones was subcloned into 

' ■ ' ' ' ' < ' i ' y J ' ' J 1 „ i ■■ ■ . 

iht EcoR: sue of M]3mpl8. The folion^ng primers were used for LAMP-1 

mutations (pnmers are sense, mismatches 3."c m cold): 

SuDstitution Iie3S2 to Leu: 5'-ggctatcagaccctciag-3' 

Mc382 to Phe: 5'-ggctatcagaccttcL^g-3' 

i!e^^' :o Thr: 5'-gctatcagaccacclagc-3' 

GiH^^^ to Ala: 5'-cgccggctatgcgaccatcLag-3' 

Thr***' to Ala: 5'-cggctatcaggcca(ctagcc-3^ 

Gm^'^'-Thr" to Ala-Ala: 5'-cacgccggctaigcggccatc:agccig-3' 

Substituting Uu (Tyr-Gln-Thr-Let) D.-d Phe (Tyr-Gin-Tnr-Phe) did not 

affec. lysosomal L^rgeting, whereas the Thr (Tyr-Gln-Thr-Thr) containing miutajit 

pro.cir accumuiaiec^ at the cell surface (Figures iG-I). The role of positions 380 

anc 381 wa: s^.alyzed using I'nree adduiona; mutants containing Ala substitutec for 

Glu'''' iTy^-- Ais-Tnr-Ile), Thr^^' (Tyr-Gln-A^a-ile), and both residues (Tyr-A!a-Ala- 

i.c). These ^ubsiiiuticns had no effeci on targeting of the protein to ihe lysosomal 
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.nembianc. indicaiins :h?.i tl-es :,rr.. on5 ray be occupied bv charged, polar, cr 
nonpolar rc5.d..cs ^Fi^-ure„ L). 
Example i 

S;: bs itut:o;i of . ■ 'iniL -^-,--01:. T^t '!e. jn^the cytoplasn^ic..tai^jf_a 
resident pbsma ~em".i;.'r.e proteir ' 

Adaiiiona expr v/~r/.: were psrformed to deiermine :f the seqacn:e Tyr- 
Gln-Thr-lle was suffxient for protein -greeting tc the :ysDSor:.a] membrar.e, T-or 
ihis purpose, these arii-^^ ucds were inse'-:ec i-^:o tre c>:oplasmic :ail of r.vaiTr.e 
CD44 (Miches, cl a ., :. 3ioi. Ciem. . 265:664, :981), a .ype I eell m.^mbraae 
pjycoproteir. -nd hya^arsnarc ^'^zzz-.or no: associated w'th the iysoioma 
membrane. This glyco^^rotei^ .x--; rf 345 amino acids with ar exiracer-'J.J- 
domain of 252 ani.ic sole's, ? s:.-.';"'c 2 - rer-d v.e trensmembrane-spanni do: .zir., 
ap.d a cyLOolasmic dcrr.air. of 72 anrinc acids. 

A mcdlfie. nxivr^ CD-^i^ cDNA, encc-ing a o'-otein in v-jc': 65 ca-boxyl- 
lermira' residues v/?-2 ce" -d and reo'rced wi*o the se^vience T>r-G! --Thr-Ih-^nd 
(placed after Gly""^ was con-- jc.ed. In this constr\ict, the four amino-acid si ?na 
was located a' the erd of an °le--en-am;ro acid cytoplasrvic v.!', the same ccr'.ex. 
as in LAMP. 

Substitution ai' o ' '.st .-'■on mutations were prepared jrmg t ie Amershar. Site 
directed Mutagenesis Ki- '^ense strand murine CD4;' ^VotT, J- Biol. 

Chem. . 2M:341. 1990) clones was subc'oned mto the Hind M'i — Xbal site of 
Mi3mpl9. Tne followmr; primers were usv^o .- inr.r .or mu'^tions in CD44 
(primers arc anti-sense; CD^-' cm nc acid pcs-tions i . e- pted 2j Insertion are 
numbered m superscnpt, irsc eo scc^z a-e b-^unc ':y LracKets): 
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' Inseriion Giv'^'^-rTyr-Gi:-.-- .r.r-llej -G'.v-'' 

5'-ccagc::ii:ciictg[2iigg:c;gaia]cccacaccuc'.cci-3' ■ 

Giy-'--Tyr-G!n-T.::-Iie-liiic;j-Cly'^^ 

fi ' -ccagctttiictccii;[ctagatggtctgau]cccacacctictcct3 ' 

" VaI''--'iG.y-Ty!--G-n-Thr-ile3-End-''' : 

5--alggcglagggcacla[gatggtctgatagcc]caccccaaxtt.Gat-"' 

■ Maianis were subcloned iro^r. M.3 vectors tack into PcDNA I using the 
original restnction sites. All mutants were confirmed by didecxy sequencing 
(Sanger, et .1 . Prcc. Nail. Ar.d. Sci. USA ., 74:5463, 1977) of the mutated region 
(Sequcnasu Kit '•■er-cr 2,C, UniCed Spiies Biochemical: . 

" . T'-- -rarsfecior; a;id i rrcurc '.v.Qrc';; a ?:e proceauTes vvere identical to these 
■ vr. experirrrents describe.' above except that niunne LAMP-1 cDNA and the anti- 
.r.jrine L,AMr-i' rr.cnoclc na! antibody v/c-e si:r5t'tMted with murine CD44 cDNA 
and asKi- (Taurine CD44 r.onoclcna! antibody.. CelU-^ransfected with CD44 were 
mcuba.ed xviih 0.7 mkof 50,% Tat anti-GD44 moncci.onal antibody (that percentage 
being compose*! of aa" equal mixture of, thr^e- .indiyid..al monoclonal antibodies: 
-LM33, K63V and 5D2-27, (Hughes, ei ill., l>_BiQl,.,iGl?en>,,a5g:!l014.n 19.83), 50% 
H5G11. and 0.1% saccni" fox. 30 mi-... Folkv.ving transfection of human 
•fibroblasts, the resuming iprotem was iiJge;ed to lyrosomes (Figure 2B) as indicated 
oycj-localiza'tion. with. the lysosc,r:'ai;.T?xke-, tuman LAMP-1 (Figure ZC, see ce.i 

at left side of pa-»e:)- '■ . ' 

i Additional conji'vcts- :r o cal2dVt..&:..the Tyr-giu-Thr-lle sequence, while 
LuffiaiGiit loitor.fe' ly.GS.-n%ai mcmbijine iar,&eiing, m>^st occur m a specific context 
10 niediaie lyscsomai sigrar.ib^}.' . NfJntruncatod nnuiani mun.ne CD44 proteins 
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having ihc s:=quence Ty-Gln-'-M- :n;er:e: ^:ct v-n G./'' ind C^ly'^' (note that 
the stop coder is .Dck-r.... rig^rc ?.r} cr bi-i-c '^e ,t.c :f p.aceo after V'al"-^ 
(1-igure 2E), .'^z c^rboxyi-'er.-ni./:.. ^.r.inp u'rr n-.:r-.- C".^4^.. vere no. targeted 
to lyscsones, but r^.hrr -e'£ .:S-Vz^c '^f Var^a nenbrane. Agan, trere 
was no lonspecific s^n^n^ of the ce'.h ^i^igJ^-.s ?.B and C. see the untrarsfected 
cell that is visib'e en tlx right s-de L-anei C brl not visible in panei 2). As 
expected, unmocif-d transfec-.ed n-..irie CD44 w3S directed to the plasma 
membrane (Figure 2A) 
Lxarr.pit <^ 

To f j-t''';r 'i:.c ' e „■ ; ? cyn-Irin : tv: : - . "e 

trafficking o' • it orctei.i tc .hz lysovj.ve:- fx p-rtcoiyt^- ^-r.r— r.rt corre :dTg 
to tne cytoplasnic ViV. - a: i:,ouied ar-. se^i-^ice^!. L/ M^- wr.r, pjrlf.ec 3y 
ID4B moncc-o.ia; ^..-loc y V : y chr-rra'cgrap hy Uo v a rieterg^rt extrac' mad', 
from the livc/r ov/::: ;, 2b3ter .Tnce (F DciJar.c : Fror-p 'issr- .v-s flawed in 
rBS, 1 nwv'. pher.y; is- for y; ^itoride ^P? I'^"-;-, v;d 1 -ng'l arnT.ir.v.. ar.:: war 
:.i5:i,pltc v.- -i z po.yt-:r . "^he r.ur'.ear Vacion p-'let, obrai.- id by cer. trifi'stttion 
at 300 X g for IC : in di£c-i. :. Me7r.br.^ie2 were co'lectcd by 

centnfugaiion at 50.','X' 7. g for 3D in.i. '-re cePc" uf s rcsuspcrdcd -.n 10 mM 
Tns-HC. (pH 7.5), 1 M gurr c- i MC: : -■•r4 PiVSr. ^rd ) ng/l ap'otinin. The 
homogenate was spun at 5C,000 x SO nin anc ."rr -diet --as re suspended in 

i M Kl, iO inM ah HC. ,'.!■ - C '. ■ M '-I''--^ ---^ ' '"^S'^ aprotinin. The 
hon.ogenate was spun tC.OZZ :. 3? -..r f - l^''- ^"-'^-^ r-.v.spef,ded in 

\% Triton X-100, 10 miv^ Tri:. :--.'! (; :! C.^' VC:. ' nf.'! PMIT^, ^nd ' 
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ng/l apronn,n. The ex.:;ac: ^^/.s b,ec.ed lo quick freeze and thaw three times 
a::d d.aiyzea .sains. 5C r.l'. Tr:s HCL (pH 7.5;,0.2C^ Tnton X-iOO, and 1 mM 
disodi.m c.hv:enedi.i'':lMet^aaced>C:acic (E^TAi After centrifugation a 
100,000 X g for 1 hr uie supernatant '.s pl.ceci over the antibody column 
ecuiubratcd in the same buffc^. Prior .o e.u-.ion of me protein, the column was 
exchar-ged inic 5C r.:i>^ Tris HQ (pH 7,.5) contain-ng 0.5% ociyi glucoside, and 

^ ■ ■ . K.o- o"ii snr>- (1 M NaCl, 100 mM boric 

vVEshed with 10 coi«mn voiumes of higu sdlt ^uis. ( > .-v 

.cd, 25 .mM sodium bcra..,. -pH 8.B). The xotein, was eluled with lOO mM 
:. dicthylamine.lpH :0.5) and.0,5%. octyl.g.ico.ide m^o 0,12 volume of 2 M Tns 
^r- '.-r - t:,..,..»:or- -r-na the. puri^ed protein were pooled and 
c:onc.nt:a.ed :c 2 -c • nP/- .e^^a^iy: p^ess.r. dialysis against 5 mM NaPO. 
.(pH 7.4} cqnt^nirs 1 mM EDTA and 0.25% octyl. giucoside. 

Tr T.uorpn^.ethane sulfonic acid -'.aiaied deglycosylaiion, trypsin digestion, 
-evtrse phase chromatograohy, ard amine acid ^eouence analysis were performed 
.as inscribed (Arterbum. e. al.. L_BioL^Qem_, 265:7419, 1990. Tryptic 
frasmen-s were genera.eo f.om ^c:h -g.ycc.yktec and na^ve LAlviP-l protein 
purif^eo.f^om the membrane fraction cf mouse l.vers oy monociora. antibody 
. atTmuy chromatography. Peptides corresponding to the carboxy' termmal 
cytoplasmic tail were isolated o, reverse pnase .nron^atography and characienzed 
by amino acta sequence araiysis. According to the nucleotide sequence ci murine 
LAMP-! cDNA. a predicted ;rypiic cleavage after Arg"* would yield the 
octcmer.c peptide Ser^-His^-Ala-- G!y--Tyr--Gm--Thr--lle- , 
, . : .cori^spond^ng to the carboxy) ^enr.im.s of t.ie orotein. Howeyer. the sequence of 
; _,,e.,rypt!C pej): de isolated frr- n^g'yco.sylateo LAMP-1 was the hexamer Ser^ 
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Hif^'''-Aia-''''-G!y^"-'ryr^"- j!.'!-''''. • ■■ I'. 2 .i-i.iv:',i! Tlir and ^2 residues. 

This hexamer £:ined -vl'ii a r.v.-.-. r.- i.r.e o.' 3: .ir.:.. Z'-n -a'-.e -.rune- pcptid; 
was obtained w/'tr x -.- je -'rents -e-. ■ri.-v.;:;: V-h the -^a.=vs ;-cn- 
deg! ycosy i ^.te-l , fr :> i . 

The poss^oi'i.y ti-a. -"hr and Ik :e3idues were cleaved dur'-r, ; ^.yptio 
digesiio.. proc:f,i-iej examined b> cor.iruitr.; a ry-t'-e'ic yey.iidr 
correspondri.', (C '.ru cy''jpic.:n".c tad. 

T -.e p-ptiac, r-^.-i^-Ltu-lle Gly-Ai g _ys-Arg-S';. ■ His-^ la-Gly -Tv-Cn- 
Thr-.-le-COGM, v/as iy.'uhusi::ed or an / pplied 3i2i-,s;--s 43CA av o-ate:! 
peptide synthesizer a. u o;>=-^:V'^d fr , 'Z^.- 'v/orcn,-: acic by ^-.J..ip•:': 
Peptide Systei-s, San Z.:b~. r^ /.-it s-x- . . ■ o.c ccf'-neo b, I^-' r-'^-r ;-i?.l 
sequence analys'S >0 tu-rry aSseiseo ty --versL i lasc IT^C. 1" ).■: jyn he'.ic 
peptide was suojecte,r to sr-: idsniica. oegiycosviaaon a.ia try:;s;n digestio". 
procec'ji-es as ihe na.i.e p-o'ein dji yie.ieu JiC ortOiCicd ocloir er.c .,-yp'.c pcpf.i'" 
:>.'r-His-A:a-C;y-T>i-G.. hr-lle. The A-'LC i^tcnao.: tiir.c of .-c octome- -.a. 
i: rr.:r greater than that ji tr.t '.exM",;t-, J3i xlaang wiin p:-es;nce o." " 
h d-cphohic :.e icsicue. > o suc h pea^, correspon-'Jirg :c octorr.e-, 'vas 
detectable in l.^e original .r.'p:-.c dijcs^s of a',g!ycjsylaioo or nat ve murine LAMP- 
1 protein. 
iLxairpie 5 

T^e nse of ih.e modiiieo inr. i .-fw:n herria^glutitun ('Ha ,/ 1 - ^ ch imera, targeted 
ioJ:^!PJBCs__?i^..:n!12£l^^^l:'nm£(lJ^^ class n/hp'per c ell response to 

•' es e pro. ems as antiger^ 

The system uti.izcd lo evaiuate -e s.-ategy fj' .V-HC class restncted 
a-^gen prci:eniaf on c: chimen:. o . - - ih t.ie :/? ;yso:c-ai targetmg 
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signal uses :he model antigen, jinftueri^a heTiagglMtinin (KA). HA is h:jio\vn to 
corr^in a nariibc; of neiper T cell epitopes in \anous sirains of mice. In 
particular, tne aniiro actd fragTT?.eri'^ , i l.^:;1.2CV represents a major helper epitope 
restricted by the MHC class II elemeht l-R-^ in str^iins of mice such as BALB/c and 
DBA-2. ' ■ 

T!:e intraluminal HI subur.i: of ihe inHuenia vir^is HA gene containing 
residues i 11-120 was amplified by ^CR, .^nd the iransmpf^brane domain and 
cytoplasmic laii -of LAMP-! was iligated to. t^ie .carbqxyl , terminus (3') of this 
.Tuncated'HA. A second, similar, clii.^Taera vy^as synthe^iZjCd with the terminal four 
■ ::;:ii-no acids {i.e.> ?:h": iys^ppj]ial ,n)e;i'!br4n?.. targeting signal} of the LAMP-! 
cytoplasmic tail deleted. These lv.o HA/^.AMP-1 chimeras and the unmjodified 
L'A.wer^ subclones! into mam.malian expression vectors containing a selectable 
maker, (uecmycin). In transfcction and irtimunofiuorescence experiments 
pei vcrmed: m Obroblasts. v \yas determined^th^t the HA/uAMP chiniera v/ith the 
l>sQsomal targeting signal ^Qc^lized lo.lyso^omes as expected whereas the control 
A/LAMP chim.era lacking, Uie ta^rgeting sequence anc| Linmc-dified HA localized 
■0 the cell , n^emhrane as predicted. ,Therefpre^ a^, shown in earlier stuoies, the 
splicing 0} ih,t?,i.AMP,cytppl^smic pQrtion,Qnto ;(;hii: model antigen efficiently re- 
rcutes .il away froni;;the, bulk fiO'A', pathway rc the memibrane and inio the 
c "dosomal/WrSOSoma'Ucqrq^^^rtmen*. 

Specific MHC class il^^estnctec. J cqH responses to these HA-LAM? 
ronstructs were a^;sayqc} using.,^^ T ,ce],l rej^cptor Transgenic mouse in which the 
rea^anged c and /3 chaips derived from a T cell clone specific for HA ! i 1-120 
plus I-E'' nave been inserted intc. :he mjrme germ line. In .nese n":ice. roughiy 
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20% of the CD4^ V ce'-.s -.xp/csi trs MA '.pec-hc T cell rscecxr, 'herefore. "aive 
iympi-. iiOc'c Of suic MC ;yml;^c•vte popa!£:ion. will: respond by lymphoKine 
secretion and prriier.-icr ^•.H-.r. -.re'on-.d vj-h <he HA i)l-l:?0 by AFCs 
expressing I-E'. The - B-:ch lynphon^a. A20 v.-s used as a" .-usen 
presenting eel!. P-evicuv worV dr-or.straicd that Wien lysates from tumor ceUs 
expressing HA -Acre fed to A2G ce'/.s, the HA pre .ri-^ %vas :r:<er up and proccissed 
by ;he A2C :dh and preserr.e^ ;o ^ cells ^rc rr t^c HA s tecific transgenic mice. 
A^O ^eil5 were s.iib.. tr^r.s'-tcted •- h cr.e cf -.o con."--cts- (1) wild-t^'pe HA 
and (2) a ch.incrx c jnstn-ct co" '...n.ng i;? ev.tracelKiiar a.-^- -ransr^.nbrane 
portion of h/. ■..■■ ce'. :o :he :,..op;^ 3-, : : - :on of the LA^-:- 1 gene 
; HA/LA MP). 

As Shown ;i. Figure 3, vv.ien dose response curves were pc-frinr^d v^i'.h 
varying nuinoers of .he Iransduced A20 cehs, there was enhanced siinralaLion of 
the HA specii"ic T ce".s ' c-. uv: transgenic mouse by A20 tra:--sduccd v.'ith '^t 
'LAM? ch.T^ri. rela-'- e -c ti-,e A2u ir<:nscuced wilii the wild-type HA o. .''.20 
loaded extracel u.a-y ■vitr. ''A c:;: ing ee!l lysates. In one expenni^nt, zl the 
lowest dose of stimulator c-ii: ',30C cells per well) the KA.'LAMP transcuced A20 
cells corunucd *o st:m 'a:c . -xrnvrr. icvc's =f -roliierauon. In ce-ntrast. the A2C 
cells transc-jceo with a v 'c • .v< LA wev. s^ni i:c:itly ce'ow plateau ieve^ v'ith 
(iiiuMcnr beyond 1 .003 cel=s per v..'. 'fi c=e '-i.ia -nii.^a'.e tha; ''e specific 
larg-ing of antigei-. 'o e K' j.. -.a;. , i :sor-.:.i corr.-;anr.^ent ey :ip'-Jr.g 'hem to 
the cytoplasmic LAMP urge- '.-^ :.t: .e^c. nr...-kzdiy enhances ;v'-"'C class I- 
presentation. 
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A repea. 0.^ rnj exper.nien: v. addiuonal experimer.Lal points using fewer 
■ antigen pr^ser.ing CcMs (APC) :s s::ovt Figure 4., The HA/LAMP construct 
again si:o\\eu a higher er'xi. 

Tne HA antigen of infiU:?!:/^ v^rus is nc^n^ally processed and presented in 
infected cells oniy ir, conj^ncuon wiih the MHC I i^iolecule in the cytotoxic T cell 
patlvvvay. We have .ised the influenza virus KA aniigen as or:^c model system by 
which to demonstrate the directed targeting of a viral protein to lysosomes and to 
the MHC class Il/helper T cell pathway. ■ 
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CL AIMS 

1. A vaccii^c; cor .pC:>.l cr: for c\lciArig ar :^:".:ur^ rcsr-ons:: in an 
anima] to rn antigen, -cr^-r j^ng . ^ -.'^.^r^i g ce): e^xrcss'-- 

(a) L DN/. :^;^^r.ce -n-o.-' ^ {:) N-ter-rjna dopiain con^^ining a 
sequence cr^ooc^in^ '^^s. cne -puooe :f s-d artigen, (2) a transme-^iane 
domain, a.id 3) a r/iOD^asmx donjair. cciitain-ng an endoson^al/lyso.^o^al 
[argeung signal aireclir.g a prc.ein axpressec from sa^d DNA sequence ic ^He 
lysoscmal/endosomal companmen:: anc 

fb) a major histocomoallb^Uiv J* :HC) class >I nr.olec.^e. 

2. T-^ vaccine c:--c:>.'/r ^ - ' -.^irr: whc:.c:-^ said Uigeti-ig signa. 
comprises tnc :^.trapeptide sequence T^y^-Xaa-Xaa-Xbb, wherein Xbr is ^ 
hydrophcb'C amir.o acic, 

3. nethod o'' vaccina^icn to eiicit a^. ^.mmune response in an cMin-a„ 
:o an ani'gen, ccmons'ng administenng ;g ,:-d an'mal a cell oopu^ation con:xj v^ng 
an ariigen pres^nMng czV. V-"^C;, wh-re' ^ i^.'d ce'l, after acmiristration, wi;' 
cxprer::: 

(a) a DNA sequerce encocin^ [^.) an N-terminal domain containing a 
sequence encoding n leaM o..e epitc; - sa^d ar/n?en, (2) a transmembrane 
domain, and (?) a cyxn'asmic do^a^r cc-^taining an endosomal/lysosomal 
r^rgenng signal direcfng a pro;.?in exp'e7?ed fre^. said DNA sequerc- tc the 
lysosomal/endosoT^al comparmen;: arc" 
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(b) -i "rajor !KSioc3;riy>2i::bi''r ccrapiex (MHC). class II molecule, said 
■ - molecule bomg .:onipa:ib:e A'iih [he MHC p/oteins of said animal. 



4. The metnod of claim 3, wherein said targeting signai comprises the 
letrapepiide sci,uc:ice Ty^-Xaa-Xaa-Xbb, w.hereia Xbb is a hydrophobic amino 
acid. ■ ■ ■ ' . 

5. ' :.iA' vaccine composition for eliciting an im^^uI^ie response in an 
?.nimal- tc an^antigen,. comprising a vecipr. containing a c^ymeric DNA molecule 
v^'.-iich ^en^qxje.Si a protein^ioorit^inipg , (1 ) an ..N-tcr/nina! domain containing a 
sequence encoding at lea.st onf.ypitcp^ ;of ,sai^, antjge.o, (2) a transmembrane 
domain and (3) a cytoplasn^ic domain containing an endosomal/lysosomal targeting 
signal directing the protein to the iysoSjOma^l/endo^omal compartmenL 

. , 6., The , vaccine, -cqmppsition of ciai^ ^, y^i^erein the vector is a virus. 

7. The vaccine compQ^uipn of claim 6,^ wherein said vector is a 
recombinam vaccinia .virus. . 

8. The vaccine composition of claim 5, v/herein the animal is a human. 

9. The vaccine comp9sit^ion of claim 5, wherein said at li^asi one 
, epitope i;^ a pppjlde .whic|i co.njip!c;xes, with niajor histocompatibility complex class 

II molecules. . 
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lU. i ne vaccine cc<:-.,.'j^..-u'^. v- ^.c h-. _ , v,.:, i . , ^ --tr-— 

comprises tl.e u,r.-jtpudc cequence Tyi -X.;. Xai Xbb, >vner^iu Xbb is a 
hydrophobic amine acic. 

]'. A K.nhod of vaccir.adop clic'fng -ri :-n!--;une response to in 
aniigen, comprising administering io an animai a vaccine composition ccni^jriing 
z vector infectious To- said animal, wherein said vec'cr contains a chimeric DNA 
.cgn-.eiii w.iich encodes a protein con:aining (1) an >J-term:nai domain containing 
at least one e-itope of saio arr.igen, (2, a rrar.smernjrai'e doir.aki and (3) a 
. ytop'asmic dorr a-'i containing ar e:'do;c---,a'i/!-vSC.somal targt'iiig sifinai direc*-^g 
ioe n/oiein expr-.y^ec hcj.; .aiei .o '-.be ) ;• .iosoir.al/endosonial' edmpfartmen'.. 

12. A VHCc'r - cc-r position fc clicnir.g ar, immune response in ar. 
nima^. to an antige-, s<::c ccmposiiion con»a:r.irg a croteir. comprising 

(1) an i;-.,er.p.- a'i oomain coi.ui:-.K-g a sequence encoding at least on: 

epit0T)e of sa'd a''V'? ji , 

(2; a iransrrembrar,'; coTiai;.. and 

(3) a cytop'as-r:.. d'j-ra;n containing an envosomal/iytosomai targeting 
signal directing :.hc orotein the lysosorrLai/endosor-.a! corrrpartment. 

:3. In a "method of ireaimer.l 'O' a cancer oaticnt, the improvemen: 
wherein a ce.-; popuiaiicn r sc:r.^ini.s ered lo sa.d pauert. said cell populaion 
containing an artigen presenting ztK ca.'3*.'e of :cpi.cai;ng in said paiier.l, whereir 
said cell, after administration., vv;-;; ex' 
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(a) a DNA sequence encod?r:.'g an N-tenr.ina] don"»ain containing a 
■•^■'Sequence spcoding-:^: . least one epitope of 33i^ prote.r. tiansmembrajie domain 

anc a cx'iopia^mic ocniain coinaining an endosGmai/;\ sosoma! targeting sigra! 
directing a protein expressed from sa:c DNA seq .:cnce to :he 1 ysosomal/endosomal 
companment; and 

(b) a major l;iSTocompatibi!itY complex (MHC) class II molecule, said 
inoiectile being compatible witi* the MHC proteins of said patient. 

14. The method of claim 13, v/herein said targeting sequence comprises 
iZA^pc^Mt ^t^quv^nce Tyr-Xaa-Xaa-Xbb wherein Xbo is a hydrophobic amino 

acid. 

15. In a meihod O' i'^iw^ui for a cancer palien: after resecdon of a 
neoplastic u:mor, the improvemient CGm.prising the steps of 

(a) obiaining from, said patieni a ce:: population containing stem cells 
capable of differentiation into aniigen presenting cells (APCj; 

(b) introducing into said stemi cells a chimeric DNA molecule which 
encodes a protein containing (i) an N-ierminal domiain containing at least one 
cpiiope of an ani:gen charactenstically found on the cell surface of cells from the 
patient's tumor, (2) a transmembrane Gomain and (3) a cytoplasmic domain 
containing an enaosomal/iysosorrai largeiing signal directing the protein to the 
i ysosomal/endosomal compart men.; 

(c) administering to said patient said stem cells containing said chimeric 
DNA molecule; 
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wherein sdd chimenc DNV^ rroleculc :£ expressed by APC which also 
exprcsj AiHC clars II rr.clecL'les anc' wherein said APC arire frcrr. differentiation 
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E relate to ..bxci maue: no: '.q.r.c t. b. .ea..V^ ': v th. AuO^o^^t,. ..^cr>. 

(iVy per) t-^G s^ea^^cr ^? s cesr , ? o - . . ai 

of t'r^ ccmpo'-nd/compos' \.'* '^r: . 

2. Clr.ims Nos.: i,,.-;^-, hat -c " rorr -iv w=th ; -'esc ::,-d re^ 

^ ^ Secausc Lhey rc!r/.c "o p^r.: :>^cv- ir.tc-n~ .:ona' .hat . ..c jp;, .) m 

?.n extent that nz T.cin.ne/:J -n:: -ajorM c;.n car- e: ^o*;-^ .c^t,. 



3. ^ Claim- Ncr-: '.p^' ^o-ij^c- -he secxir.d :' -.Vrc s.Menc-- o'' R ue 6 d,a\ 
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